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PREFACE. 



The aim of the present book is to review the scientific sub- 
stratum upon which rests the knowledge of nutrition both in 
health and in disease. Throughout, no Statement has been 
made without endeavoring to give the proof that it is true. 

The widespread interest in the subject of nutrition at the 
present time leads the author to hope that this book may prove 
of value to the Student of dietetics and to the clinical physician. 

Laboratory methods to explain the inner processes in dis- 
ease have been applied to hospital paticnts for twenty years 
or more in Germany, but in the United States little has 
been done in this regard. If such investigations are in any 
way promoted by their discussion here this writing will not 
have been in vain. 

On a previous occasion the author collccted the more im- 
portant information conceming the life history of the mineral 
constituents of the body for the American Text Book of Physi- 
ology, and the subject has been allotted limited space in this 
volume. 

The author would apologize to all whose claims of priority 
of discovery have not been duly recognized. 

He wishes to express his great Obligation to a former pupil, 
Dr. Margaret B. Wilson, who has painstakingly corrected 
the manuscript. 

Graham Lusk. 

Physiological Laboratory, University and 
Bellevue Hospital Medical College, 
New York, October i, 1906. 
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THE ELEMENTS OF THE SCIENCE 

OF NUTRITION. 



CHAPTER I. 
INTRODUCTORY. 



The earliest scientific observations conceming nutrition 
were founded upon the commonly noted fact that in spite of 
large quantities of food eaten, a normal man did not vary greatly 
in size from year to year. It was understood carly in the history 
of physiology that the weight added by the ingestion of food and 
drink was lost in the urine, the feces, and the ** insensible Per- 
spiration." The "insensible Perspiration" was partly in evi- 
dence when moisture of the warm breath Condensed upon a cold 
plate. By it was meant the usually invisible exhalations from 
the body, which are now known to be carbon dioxid and water. 

Sanctorius* made many experiments upon himself and 
others to determine the amount of insensible Perspiration. An 
old cut shows him sitting in a chair suspended from a large steel- 
yard. As a matter of routine he determined his owti weight 
previous to each meal and then weighted the steelyard so as to 
counterbalance the additional food he proposed to eat. During 
the meal when the chair dipped he ended his repast. 

In Section I, Aphorism II, Sanctorius gives the following 
curious advice: **If a physician who has the care of another's 
health, is acquainted only with the sensible supplics and evacua- 
tionSy and knows nothing of the waste that is daily made by the 

^Sanctorius: "De mediana statica aphorisimi," Venice, 1614. Trans- 
ktkm by John Quincy, M.D., London, 1737. 
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insensible Perspiration, he will only deceive his patient and 
never eure him.'' Aphorism III reads: **He only who knows 
how much and when the body does more or less insensibly per- 
spire, will be able to discem when or what is to be added or 
taken away either for the recovery or preservation of health." 

The modern era of the science of nutrition was opened by 
Lavoisier. The work of to-day is but the continuation of that 
done a Century and more ago. Lavoisier and La Place made ex- 
periments on animal heat and respiration. The great German 
chemist Liebig derived his early training in Paris, residing there 
in 1822. Licbig's conception of the processes of nutrition fired 
the genius of Voit to the painstaking researches which laid the 
foundation of his Munich school. These have been repeated 
and extcnded by his pupils, of whom Rubner is chief, and by 
others the world over. Thus the knowledge often transmitted 
personally from the master to the pupil, to be in tum elaborated, 
had its sced in the intellect of Lavoisier. It was he who first 
discovered the true importance of oxygcn gas, to which he gave 
its present name. He declared that life processes wxre those of 
oxidation, with the resulting climination of heat. He believed 
that oxygen was the cause of the decomposition of a fluid brought 
to the lungs, and that hydrogcn and carbon were produced in 
this fluid and then united with oxygcn to form water and carbon 
dioxid. It was he who first made respiration experiments on 
man, the results of which arc briefly described in a letter to 
Monsieur Terray,* written in Paris and dated November 19, 
1790. There is no existing record of the apparatus with which 
Lavoisier workcd and early obtained accurate results. The 
more important conclusions Lavoisier sums up as foUows: 

1. The quantity of oxygen absorbed by a resting man at a 

temperature of 26° C. is 1200 poiices de France^ hourly. 

2. The quantity of oxygen required at a temperature of 12° C, 

rises to 1400 pouces, 

* Report of the British Association for the Advancement of Science, 
Edinburgh, 1871, p. 189. 

' I cubic pouce — 0.0198 liters. 
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3. During the digestion of food the quantity of oxygen 

amounts to from 1800 to 19c» pouces. 

4. During exercise 40CX) pouces and over may be the quantity 

of oxygen absorbed. 

These remarkable results are in strict accord with the 
knowledge of our own day. We know more details, but the 
fundamental fact that the quantity of oxygen absorbed and of 
carbon dioxid excreted depends primarily on (i) food, (2) work, 
and (3) temperature, was established by Lavoisier within a few 
years after his discovery that oxygen supported combustion. 

It was, however, quickly noted that if carbon and hydrogen 
burned in the lungs, the greatest heat would be developed there, 
a result not in accordance with Observation. It was then sug- 
gested that the blood dissolved oxygen, and that the production 
of carbon dioxid and water took place through oxidation mithin 
the blood. In 1837 Magnus discovered that the blood did hold 
largequantitiesof oxygen and carbon dioxid, which gave apparent 
Support to this theory. Ludwig in his later years believed that 
the oxidation took place in the blood.^ Through the critical 
studies of Liebig, which were published in 1842, it was seen that 
it was not carbon and hydrogen which burned in the body, but 
proteid, carbohydrates, and fat. Liebig's original theory was 
that while oxygen caused the combustion of fat and carbo- 
hydrates, the breaking down of proteid was caused by muscle 
work. It will be shown later that oxygen is not the cause of the 
decomposition of materials in the body, but that this decom- 
position proceeds from unknown causes, and the products 
involved unite with oxygen. These chemical changes of mate- 
rials under the influence of living cells is known as tnetabolism. 
This process may involve two factors, calabolism, or the reduction 
of higher chemical Compounds into lower, and anabolism, or the 
construction of higher substances from lower ones. 

Liebig was also the father of the modern methods of organic 
analysis, and with him began the great accumulation of knowl- 
edge conceming the chemistry of the carbon Compounds, in- 

* Verbal Statement to the writer. 
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cluding the many products of the animal economy. These dis- 
coveries gave the world a knowledge of the Constitution of foods, 
of urine, of feces, and of tissues, which was not possessed by 
Lavoisier. 

Liebig applied to the problems of biology the mental wealth 
of the newer chemistry which he himself was creating. He 
knew that proteid contained nitrogen, and in 1842 he suggested 
that the nitrogen in the urine might be made a measure of the 
proteid destruction in the body.^ The proof that such was the 
case was aflForded by Carl v. Voit,' who cstablished the fact that 
an animal could be brought into what he called nitrogenous 
equilibrium. In this condition the nitrogen of the proteid 
eaten was equal to the nitrogen eliminated from the body in the 
urine and feces. Thus Voit ' fed a dog for fifty-eight days with 
29 kilograms of meat containing 986.0 grams of nitrogen, and 
found 982.8 grams of nitrogen in the excreta of the period. The 
amount of N in the urine was 943.7 grams, and in the feces 39.1 
grams. The diffcrcnce between the amount of nitrogen ingested 
and that rccovered in the excreta was only three-tenths of one 
per Cent. It thcreforc seemed extremely probable that the 
excretory outlet for proteid nitrogen was in the urine and in the 
feces and that other sources of its loss were normally ncgligiblc. 
But in Order to establish the fact it was necessary to consider the 
following questions: 

Is the nitrogen of the air built up into organic Compounds 
within the body ? Is any proteid nitrogen given off as nitrogen 
gas? As ammonia gas? In the sweat? How much is lost 
through the growth of the hair, nails, and epidermis ? 

Lavoisier had said that nitrogen gas had nothing to do with 
respiration. Regnault and Reiset* sometimes found that ani- 
mals under a bell-jar absorbed nitrogen gas and at other times 

* Liebig: "Die organische Chemie in ihrer Anwendung auf Physiologie 
und Pathologie," 1842. 

'Voit: "Physiol. Chem. Untersuchungen," 1857. 

» Voit: "Zeitschrift für Biologie," 1866, Bd. ii, p. 35. 

* Regnault and Reiset: "An. de chemic et phys.," Paris, 1849, See. 3, 
Tome xxvi. 
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gave it oflF. The quantity in both cases was extremely small. 
Voit explained this by showing that the blood and the tissues 
always contained nitrogen gas dissolved in proportion to the 
partial pressure of the gas in the atmosphere. A change of this 
partial pressure under the bell-jar would change the body's 
content of dissolved nitrogen and explain Regnault and Reiset's 
variations. 

The experiments of Bachl^ showed that a rabbit with a 
tracheal cannula could be made to expire for six hours through 
Nessler's reagent without the indication of a trace of ammonia 
in the breath. This has also been shown after making an 
Eck fistula in a dog,' where there is an increase in the amount 
of ammonia in the blood and in the urine. The lungs are not 
permeable to ammonia.' The ordinary insensible Perspiration 
is not accompanied by any appreciable loss of nitrogenous 
excreta, although profuse sweating certainly brings out some 
Urea, uric acid, and other nitrogen extractives normally excreted 
in the urine. The recent experiments of Benedict * show that 
the cutaneous excretions of a resting man may amount to 0.071 
gram nitrogen per day; of a man at moderate work to 0.13 
gram per hour, and at hard work to 0.22 gram per hour. 

Voit ' coUected the hair and epidermis from a dog for 565 
days and found an average daily output of 1.2 grams with 0.18 
gram of nitrogen. Moleschott' cut the hair and nails of scveral 
men once a month. The daily outgrowth of hair was 0.20 gram 
with 0.029 gram of nitrogen, and of nail substance 0.005 gram 
with 0.0007 gram of nitrogen. The waste through the human 
epidermis has not been measured, but it must be very slight. 

The above sources of error were thus shown to be negligible. 

The view that the nitrogen of the urine and feces could be 

> Bachl: "Zeitschrift für Biologie," 1869, Bd. v, p. 51. 

'Salaskin: "Zeitschrift für physiologische Chemie," 1898, Bd. xxv, p. 463. 

' Magnus: "Archiv für ex. Pathologie und Pharmakologie," 1902, Bd. 
zlvüi, p. 100. 

* Benedict: "Journal of Biological Chemistry," 1906, vol. i, p. 263. 

* Voit: "Zeitschrift für Biologie," 1866, Bd. ii, p. 207. 

* Moleschott: "Untersuchungen zur Naturlehre," Bd. xii, p. 187. 
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made a measure for the determination of proteid metabolism 
was thus securely established. Urea, the principal nitrogenous 
end-product derived from proteid, was thercfore shown to be 
not an adventitious product, but one normally proportional to 
the proteid destruction. It was known that meat proteid in 
general contained about i6 per cent. of nitrogen, or i gram of 
nitrogen in 6.25 grams of proteid. Therefore for every gram of 
ni trogen found in the excreta, 6.25 grams of proteid have been 
destroyed in the body. It is evident that if proteid nitrogen 
be retained in the bodv a new construction of bodv tissue is 
indicated, whereas if more nitrogen is eliminated than is in- 
gested with the food, a waste of body tissue must take place. 
The discovery of the method of calculating the proteid metab- 
olism led Voit to suggest to Pettenkofer that he construct an 
apparatus with which the total carbon excretion might be 
measured, including that of the respiration as well as that of the 
urine and the feces. Voit saw that with these data it would be 
possiblc to detcrmine just how much of each foodstuff was 
actually bumed in the human body. He has described the 
delight which he and Pettenkofer experienced when their won- 
derful machine began to teil its tale of the life processes. The 
cost of the apparatus, which was considerable, was defrayed by 
King Maximilian II of Bavaria. 

It has been stated that the form of Lavoisier's respiration 
apparatus is unknown. In 1850 Regnault and Reiset ^ pub- 
lished an account of respiration experiments in which small 
animals were placed undcr a bell-jar containing a known quan- 
tity of oxygen. The air was kept free from carbon dioxid by 
pumping it through potassium hydratc. The gascous exchange 
between the animal and its environment could be readily ascer- 
tained, by determining the amount of carbon dioxid given oflF 
and the amount of oxygen absorbed. No attempt was made to 
detcrmine from what materials the carbonic acid arose. The 
method of Regnault and Reiset placed the animals in a confined 

* Regnault and Reiset: "An. d. Chem. und Pharm.," 1850, Bd. Izxiii, 
pp. 92, 129, 257. 
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Space where poisonous exhalations othcr than carbon dioxid 
could collect, and where the atmosphere became saturaled with 
water. Although Regnault and Reiset had no idca of the 
materials which were oxidized in the animab with which they 
were experimenting, we find that Bischoffand Voit ' tried to read 
suchiDterpretations into the workof Regnault and Reiset. Thus 
Bischoff and Voit dctermined the quantity of nitrogen in thc 
urine of a starving dog, which indicated that he had bumed in 
twenty-four hours 318 grams of his own "flesh," The flesh 
was calculatcd from the nitrogen climination on thc basis of 
the knowledge that fresh mcat contains 3.4 per cenl of nitrogen. 
Many of the older experiments were computcd on this basis. 
It was shown that the 218 grams of "flesh" contained 40 grams 
of carbon. Bischoff and Voit draw attention to an expcriment 
of Regnault and Reiset, showing that a meat fcd dog of a wcight 
similar to the above gives off 250 grams of carbon and absorbs 
900 grams of oxygcn in the respiration of twenty-four hours. 
These figures indicated to Bischoff and Voit that the extra 
carbon eliminatton was due to the combustion of fat, and they 
reached the conclusion that the waste of the Ixidy in starvation 
is dependent on thc metabohsm of proluid and fal. Correct 
results, howevcr, were attainable only by combining the two 
methods, so that both the quantity of the nitrogen and carbon 
of ihe urine and feces, and the amounl of carbon dioxid of the 
respiration during the same period of time could bc ascertaincd. 
This was accomplished by the respiration apparatus of Petten- 
kofer. 

The Problem lo be solved by Pettcnkofer includcd thc main- 
tenance of a man in normal surroundings. A small room was 
therefore constructed which was well ventilated by a current of 
air. This air entercd thc chamber frecly through an opening 
in conncction with a large room outsidc and was aspiratcd from 
a second opening in thc chamber, through a large gas-meter, 
where its volume was measurcd (500,000 liters per day). It 
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was evidently impracticable to determine all the carbon dioxid in 
this large volume of air, but its amount was calculated from the 
analysis of duplicate samples continually withdrawn from the air 
Icaving the Chamber during the time of the experiment. EsLch 
sample, as it was pumped out, was made to pass over ignited pum- 
ice stone, soaked in sulphuric acid, to remove the water. Next it 
bubbled through baryta water to remove the carbon dioxid, and 
then passed through a small gas-meter, where the volume of the 
sample was measured. After this fashion the amount of carbon 
dioxid and watcr Coming from the air of the Chamber was 
determined in duplicate. Other duplicate analyses of the air 
taken outside the Ventilator, just before it entered the Chamber, 
were simultaneously made in the same manner as were the 
analyses of the Chamber air itself. Elnowing the quantity of 
carbon dioxid and water entering and leaving the room, it was 
easy to calculate how much was derived from the man living 
in it during the period of experimentation. The experi- 
menters failed to find any other gaseous exhalation from a man, 
such as ammonia, hydrogen, or methane, which could vitiate 
their results. Control experiments were made by burning a 
candle or evaporating a known weight of water within the room. 
Analysis showed that the carbon dioxid and water so produced 
were measurable within one per cent. of error. 

As an illustration of the practical working of the respiration 
apparatus the first experiment of Pettenkofer and Voit,* which 
gives the metabolism in a starving man, will be described. The 
man was allowed a small quantity of Liebig's extract of beef, as 
the experimenters did not at that time realize the very sUght 
discomfort usually entailed by total abstinence from food. As 
Liebig's extract has no nutritive value, its effect has been counted 
out in the following description. 

The subject, on entering the Hving-room of the apparatus, 
wTighed 71.090 kilograms, and he drank during the day 1.0548 
liters of water, making a total body weight of 72.1448 kilograms. 
Twenty-four hours later he weighed 70.160 kilograms and his 

> Pettenkofer and Voit: "Zeitschrift für Biologie," 1866, Bd. ü, p. 478. 
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excreta had amounted to 0.7383 kilogram carbon dioxid, 0.8289 
kilogram water in the respiration, and 1.1975 kilograms of 
urine. The final body weight plus all the excreta amounted to 
72.9247 kilograms. A total body weight of 72.1448 kilograms 
was converted into a body weight plus excreta amounting to 
72.9247. The diflference is due to oxygen absorbed. The 
difference of 0.7799 kilogram represents the amount of oxygen 
needed to convert the body substance lost into the excretory 
products obtained. The tabular Statement reads: 

MAN— STARVATION. 

Kg. Kg. 

Weight at start 71.090 Weight at end 70.160 

Waler dnink i .0548 Carbon dioxid 0*7383 

Waler in respiration 0.8289 

Ox\-gen absorbed 0-7799 L'rine i-i97S 

72.9247 72.9247 

The analysis of the urine showed 12.51 grams of nitrogen 
and 8.25 grams of carbon. A calculation gives the amount of 
carbon in the respiration as 201 .3 grams. If we ncglect the feces 
as being too small in starv-ation to influence the results, wc find 
that the total carbon Elimination for twenty-four hours was 
209-55 grams, and the total nitrogen 12.51. In the Liebig 
extract ingested there were 2.44 grams of carbon and 1.18 grams 
of nitrogen, which must be deducted from the above in order to 
obtain the strict loss of carbon and nitrogen from the body during 
the period of starvation. These values are : 

C 207.11 grams. 

N 11.33 " 

These two figures enabled Pettenkofer and Voit to calculate 
what substances had bumed in the body. As cvcry gram of 
nitrogen in the excreta is approximately represented by the 
destruction of 6.25 grams of mcat proteid, the amount of such 
proteid destroyed by the man was 70.81 grams. It has been 
found that for cvery gram of nitrogen present in meat proteid 
there are 3.28 grams of carbon. It is therefore easy to estimate 
that destruction of proteid represented by 1 1 .33 grams of nitro- 
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gen involved the elimination of 37.16 grams of carbon. Xow, 
the man eliminated 207.11 grams of total carbon, from which 
this proteid carbon may be deducted, leaNing as residue 169.95 
gramSy which must have originated from a source other than 
proteid. The possible sources are two in number— carbohy- 
drates and fats. In star\'ation no carbohydrates are ingested 
and their supply in the form of reser\'e glycogen is usually 
counted as being n^ligible in such experiments as these. The 
only other source from which the 169.95 grams of extra carbon 
could have been derived is fat, and as fat contains 76.52 per 
Cent, of carbon, a destruction of 322.1 grams of fat may be 
calculated. This fasting man therefore destroyed: 

Proteid 70.81 grmms. 

Fat 222.1 

That such metabolism actually did take place was further 
indicated by the comparison of the amount of oxygen needed for 
the destruction of the above constituents, and the amount of 
oxygen absorption as determined by the experiment. 

From the constituents of the proteid and fat destroyed, 
Pettenkofer and Voit deducted the constituents of the urine, 
which contains part of the C and H belonging to proteid. The 
balance of the carbon and hydrogen was fit for oxidation to 
carbon dioxid and water. Their calculation mav thus be 
presented: 

Weicht m Gkams. 
C. H. O. 

Co m poaition of the proteid bumed 37-^^ 5-S i7-i 

ComiX38ition oC fat bumcd i^-95 ^S7 ^S-i 

Total C, H and O metaboHzed 207.11 31.5 42.2 

Deduct quantity in the urine 8.2 2.0 7.6 

Balance available for respiratory CO} and H}0 . . 198.9 2Q.5 34.6 

Oxygen required / 530.4 235.7 

Total O required for the formation of CO, and H|0 766. i 

O in the proteid and fat 34.6 



Oxygen actually required 73I-S 

Oxygen absorption as determined 779-9 

Difference 48.4 
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We may reach the same result by using the most modern 
figures for the oxygen requirement in the metabolism of the 
foodstufifs. We now know that to bum loo grams of meat 
proteid requires 133.43 grams of oxygen, and to bum 100 grams 
of fat requires 288.5 grams, and to burn 100 grams of starch 
1 18*5 grams. This being true, there are required : 

OXYGF.N. 

For 70.81 grams proteid 94-44 g- 

For 222.1 " fat 639.55 g- 

Total required 733-99 g- 

Oxj'gen absorption as found 779-9 g- 

Difference 45-91 

Had carbohydrates bumed, less oxygen would havc been 
needed, since carbohydrates contain a larger proportion of 
oxygen than fats. Had the extra 169.95 grams of carbon been 
due to the combustion of starch (or glycogen), 382 grams would 
have bumed, requiring 452.7 grams of oxygen instead of 639.5 
grams for fat. Pettenkofer and Voit found in the amount of 
oxygen absorption a confirmation of thcir belief that the fasting 
organism Supports itself by the combustion of its own proteid 
and fat. 

It is apparent from this discussion that the quantity of 
oxygen needed in metabolism depends upon the kind of matcrial 
that bums in the organism, and also that the relation betwcen 
the amount of oxygen absorbed and carbon dioxid cxcreted 
depends on the same factor. Regnault and Reiset frequently 
observed that this latter relationship was variable. The rela- 
tion of the volume of oxygen inspired to the volume of carbon 
dioxid expired is called the respiratory quotient. When carbo- 
hydrates bum, the R. Q. is unity; that is, for every hundred 
volimies of carbon dioxid excreted a hundred volumcs of 
oxygen are absorbed. When proteid bums the quotient 

y^' Q^ = ^ or 0.781, and when fat bums the quotient is 
0.71. Pettenkofer and Voit calculated that the respiratory quo- 
tient in their fasting man was 0.69. This indicated a combus- 
tion of fat in the organism. 



28 SCIENCE OF NÜTRITION. 

The further rcsearchcs of Pettenkofer and Voit were founded 
on the principles described in the above experiment on a fasting 
man. If meat and fat were ingested, the carbon and nitrogen 
excreta were collected, and from thcse data it was detennined 
how much of cach foodstuff was bumed and whether there was 
a storage of either in the body or a loss of either from the body. 
If a mixed diet which included carbohydrates were given, the 
carbon dioxid elimination increased and the oxygen absorption 
was such as indicated the combustion of carbohydrates. It was 
assumed that aftcr deducting the proteid carbon from the total 
carbon eliminated, the balance of extra carbon was derived 
from the destruction of the carbohydrates in so far as these were 
ingested; any carbon in excess of this was attributed to fat 
combustion. 

Voit* in his necrology of Pettenkofer writes: "Imagine our 
sensations as the picture of the remarkable processes of the 
metabolism unrolled before our eyes, and a mass of new facts 
became known to us! We found that in starvation proteid and 
fat alone were bumed, that during work more fat was bumed, 
and that Icss fat was consumed during rest, especially during 
sleep; that the carnivorous dog could maintain himself exclu- 
sively on a proteid dict, and if to such a proteid diet fat were 
added, the fat was almost entirely deposited in the body; that 
carbohydrates, on the contrary, were bumed no matter how 
much was given, and that they, likc the fat of the food, protected 
the body from fat loss, although more carbohydrates than fat had 
tobe given to effect this purf)ose; that the metabolism in the 
body is not proportional to the combustibility of the substances 
outside the body, but that proteid which bums with difficulty 
outside mctabolizes with the greatcst ease, then carbohydrates, 
while fat, which readily bums outside, is the most difficultly 
combustible in the organism." 

Since the days of these researches repeated experiments 
have established the verity of the conclusions drawn. It is 
interesting to note that among the earliest experiments made 

* Voit: "Zeilschrift für Biologie,'* 1901, Bd. xli, p. i. 
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were somc upon patients in pathological conditions, one suffer- 
ing from leukemia, the other from diabetes. 

Besides the influence of foods upon metabolism, the changes 
brought about by exercise, temperature, and drugs were in- 
vestigatedy not only by the Munich school, but by many other 
workers. Similar investigations are actively progressing to- 
day. 

Among the important conclusions reached by Voit was that 
concerning the manner of the metabolism. It has been stated 
that Liebig believed that fat and carbohydrates were destroyed 
by oxygen, while proteid metabolism took place on account of 
muscle work. 

Voit^ showed that muscle work did not increase proteid 
metaboh'sm and that the metabolism was not proportional to 
the oxygen supply. The oxygen absorption apparently de- 
pended upon what metabolized in the cells. He showed that 
although fat bumed readily in the air, it bumed only with great 
difläculty in the body ; and that proteid bumed with comparative 
difläculty in the air, but went to pieces very readily in the body. 
Voit believed that the cause of metabolism was unknown, that 
the process was one of cleavage of the food molecules into simpler 
products, which could then unite with oxygen. Yeast cells, for 
example, convert sugar into carbonic acid and alcohol without 
the Intervention of oxygen. In like manner the first products 
of the decomposition of fat, sugar and proteid, are formed in 
metabolism through unknown causes. Some of these prelim- 
inary decomposition substances may unite with oxygen to form 
carbon dioxid and water, others may be convcrted into urea, 
while others under given circumstances may be synthesized to 
higher Compounds. In any case the absorption of oxygen does 
not cause metabolism, but rather the amount of the metabolism 
determines the amount of oxygen to be absorbed. 

The Statement is frequcntly met with in the litcrature of the 
subject that such and such a disease is theconsequence of deficient 
oxidative power in the tissues. For example, it has recently bcen 

» Voit: "Zeitschrift für Biologie," 1869, Bd. v, p. 169; Bd. ii. p. 535. 
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stated that alcohol decreases the oxidative power of the liver 
for uric acid.^ Such apparent decrease in oxidative power may 
however be due to the fact that the normal oxidizable cleavage 
products are not formed and therefore no oxidation can take 
place. It is not due to lack of oxygen that sugar does not bum 
in diabetes, or cystin in cystinuria. There is the normal sup- 
ply of oxygen present, but the cleavage of these substances into 
bodies which can unite with oxygen cannot be eflfected, and 
hence thev cannot bum. 

Voit's pupil, Lossen,' showed that the carbon dioxid elimina- 
tion in respiration was independent of the Ventilation of the lungs 
except in so far as forced breathing increased the muscular work 
and the consequent Output of carbon dioxid. 

Pflüger,' who through diflFerent reasoning came to the same 
conclusion as Voit, devised an experiment in which a rabbit 
breathed quietly through a cannula, and the oxygen absorption 
was comparcd with that of the same animal when rapid artificial 
Ventilation of the lungs with air took place, producing apnea or 
hyperarterialization of the blood. There was no diflference, 
as is Seen from the foUowing table : 



Oxygen Absokbed in C.C. Ddkino 15 Mmuns. 



Normal respiration. 



Series I 



201.66 



ScricsII i 203.21 



Apnea. 



203.88 
210.47 



From these experiments it is made sure that the respiration 
does not cause or regulate metabolism. On the contrary, the 
metabolism rcgulates the respiration. The metabolism of the 
tissues, through its oxygen requirement and its carbon dioxid 
production, changes the condition of the blood and thereby 

' Beebe, S. P.: "American Journal of Physiology," 1904, vol. xii, p. 36. 

'Losscn: "Zeitschrift für Biologie," 1866, Bd. ii, p. 244; and 1870, Bd. vi, 
p. 298. 

• Pflüger: "Archiv für die gcs. Physiologie," 1877, Bd. xiv, p. i. 
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regulates the respiration. These distinctions are of fundamental 
importance. 

Thus far the history of the principles which underlie the 
exact measurement of the metabolism has been briefly given. 
By metabolism is meant the chemical changes of materials under 
the influence of living cells. The first cause of these chemical 
changes, it has been seen, is unknown, but their results lead to 
motions of the smallest particles of protoplasm, motions whose 
totality we call life. Phenomena of life are phenomena of 
motion, due to liberation of energy in the breaking down of 
molecules. The motions are principally manifested as heat, 
mechanical energy and electric currents. In the organism 
mechanical energy may be converted into heat, as appears when 
the work of the heart is converted into heat by the friction of the 
blood upon the capillaries. Also the current of electricity de- 
veloped at each Systole of the heart, or in any other active tissue, 
is resolved into heat. Thus heat may become a measure of the 
total activity of the body. It is derived from the total metabo- 
lism and must be dependent on it and be a measure of it. Hence 
the physical activities noted in life are the results of chemical 
decompositions. Metabolism vivifies the energy potential in 
chemical Compounds. 

Lavoisier^ was the first to recognize that animal heat was 
derived from the oxidation of the body's substance and to com- 
pare animal heat to that produced by a candle. To prove this 
he bumed a known quantity of carbon in an ice-chamber and 
noted the amount of ice melted. He then calculated the amount 
of heat produced from a unit of carbon. He and La Place put 
a guinea-pig in an ice-chamber and noted the amount of ice 
which melted during ten hours and calculated the heat given 
off from the animal. They then determined how much carbon 
dioxid the guinea-pig gave off. The animal yielded 31.82 
calories to the ice-chamber, while a calculation from the respira- 
tory analysis showed that 25.408 calories could have been 

» For this literature see Rubner: "Zeitschrift für Biologie," X893, Bd. 
P- 73- 
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derived by the buming of enough carbon to yield the same 
amount of carbon dioxid as was eliminated by the animal. 

Lavoisier realized several of the errors in his work. For 
example, the calorimetric determination on the animal was 
made at a different temperature from that of the respiratory 
experiment, and Lavoisier knew that cold would raise the 
carbon dioxid output. Also cold reduced the heat in the animal 
itself, and, further, the water of respiration was added to that 
of the melting ice. But Lavoisier concluded that the source 
of the heat lay in the oxidation of the body. 

Crawford, in England, found after buming wax and carbon, 
or on leaving a live guinea-pig in his water calorimeter, that for 
every hundred ounces of oxygen used the water was raised the 
following number of degrees Fahrenheit : 

Wax 2.1 

Carbon i .93 

Guinea-pig 1.73 

Crawford concluded that the heat above produced was due to 
the transformation of pure air into fixed air (carbon dioxid) and 
water. 

The method of Crawford was in reality one of considerable 
accuracy. According to the modern computation of Zuntz and 
Hageman* the following are the values of heat production 
where one liter of oxygen is used to bum the different food- 
stuffs in the body: 

Calorie^. 

I liter of oxygen used in the metabolism of proteid vields 4.691 

I " •* ** " " " " fat ' ♦' 4.686 

I *• " " " *' " " starch *' 5.046 

This table shows that there is a maximum Variation of only 
7 per Cent, in the heat value of a unit of oxygen to the body. 
Hence the quantity of oxygen absorbed may be utilized as an 
approximate indicator of heat production (Fig. 9, p. 259). 

In 1823 the French Academy offered a prize for the best 
essay on the subject of animal heat. Depretz and Dulong 
competed for the prize and it was awarded to the former. 

* Zuntz and Hageman: "Stoffwechsel des Pferdes," 1S98, p. 245. 
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Depretz* calculated the amount of heat which would have 
been liberated in burning the carbon and hydrogen of the metab- 
olism to carbon dioxid and water, and compared this with the 
amount of heat given oflF by the animal. The heat as calculated 
was only 74 to 90 per cent. of what was found. So Depretz 
concluded that although the respiration was the principal source 
of animal heat, food, the motion of the blood, and friction 
yielded the remainder. Interpretation along the lines of the law 
of the conservation of cnergy was obviously beyond the ideas of 
the time. 

Dulong's ' experiments also led to the same conclusion, that 
oxidation was insufficient to explain the cause of animal heat, 
and that there must be other sources of it. 

In 1851 R. Mayer laid down the law of the conser\'ation of 
energy, and Helmholtz demonstrated its general applicability. 

Energy cannot arise from nothing, nor can energy disappear 
into nothing. Where energy is active it must have been else- 
where potential. The sum total of energy remains constant in 
the universe, but energy may vary in kind. The kinds include 
mechanical energy, heat, electricity, magnetism, and potential 
energy. The source of energy on the earth is the sun, except- 
ing the energy of the tides, which is due principally to the 
moon. The sun unevenly warms the atmosphere, producing 
winds which drive ships, and windmills. The sun's heat lifts 
the vapor of water into the atmosphere, producing rain, in 
consequence of which rivers are made to tum machinery. The 
sunlight acts upon a mixture of hydrogen and chlorin gas, caus- 
ing them to unite with a loud explosion, and the sun acts upon 
the green leaf of the plant, causing it to unite carbon dioxid and 
water, with the production of formic aldehydc, which is built up 
into sugar, oxygen being given off in the process. The sun's 
energy required to build up the Compound becomes latent or 
potential in it. Whenever and wherever this sugar is again con- 
verted into carbon dioxid and water by oxidation, exactly the 

* Depretz: "Annal. de chim. et de phys.,'* 1824. 
'Dulong: Ibid,, 1841. 
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samc quantity of energy taken from the sun and made potential in 
the sugar is set free. This sugar in the plant may be further con- 
verted into starch, cellulose, fat, and possibly into proteid. 
Plants fumish wood and coal as fuel for the steam-engine. 
They also fumish the basis of animal food, yielding substances 
which can build up animal tissues, and which can fumish the 
energy necessary to maintain those motions in the cells whose 
aggregate is called life. These motions appear in the body 
as heat, mechanical work, and electric currents, all of which 
may be measured as heat. Is this heat production completely 
derived from the metabolism ? This question is but the con- 
tinuation of the old one of Lavoisier in the light of newer 
science. 

Bischoflf and Voit* in 1860 still calculated the heat value of 
the metabolism from the heat developed in buming the carbon 
and hydrogen elements of the metabolism. They recognized, 
however, that this was a false method, and stated that they 
should employ the calorific value of fat, starch, and proteid, 
less the urea, since they recognized that urea was capable of 
undergoing combustion with liberation of heat. 

In 1860 Voit' brought a Thomson calorimeter with him from 
London to Muni eh. After Frankland's determination of the 
heat value of the various foodstuflfs and urea Voit ' prepared a 
table in 1866 for use in his lectures showing that the metabolism 
of the fasting man experimented on by Pettenkofer and Voit 
indicated the production of 2.25 million small calories, while 
the metabolism on a medium diet was 2.40 million calories. 

In 1873 Pettenkofer and Voit * calculated that 100 grams 
of fat were the physiological equivalent of 175 grams of 
starch. Liebig at that time had suggested that the amount of 
these substances which could be bumed by a man was propor- 
tional to the oxygen supply. 

* Bischoff and Voit: "Die Gesetze der Ernährung des Fleischfressers," 
1860, p. 43. 

'Voit: "Münchener medizinische Wochenschrift," 1902, Bd. xlix, p. 233 
' Voit: hoc. cit. 

* PeUenkofer and Voit: "Zeitschrift für Biologie," 1873, Bd. ix, p. 534. 
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Voit, not content with his results, suggested to Schürmann 
in 1878-79 that he carry on experiments to see in what way 
carbohydrates and f at were interchangeable in nutrition. Schür- 
mann died before the work was completed and the investigation 
was continued by Rubner. The isodynamic law, which showed 
that the foodstu£fs replaced each other in accordance with their 
heat-producing value, was the result. 

After Stohmann* published his research on the calorific 
value of foodsy urea, etc., Voit commenced the construction o£ 
a calorimetcr for the measurement of the heat eliminated from 
the body of a man whose metabohsm was simultaneously de- 
termined. The results obtained by the use of this machine have 
never been pubb'shed. 

Rubner' in Voit's laboratory during this same period was 
making a series of valuable calorimetric determinations. The 
heat value to the body of buming starch and fat were obviously 
the same as that determined in the calorimetcr, since in both 
cases the same end-products, carbon dioxid and water, resulted. 
The heat value of proteid in the calorimetcr was diflferent from 
its fuel value to the body, since the end-products were diflferent 
in the two cases. When proteid bums in the body, the products 
of its metabolism are lost in three diflferent ways — through the 
respiration, urine, and feces. The last two contain latent heat 
lost to the body, which must be deducted from the heat value 
of proteid determined calorimetrically. 

The^custom of Stohmann and previous authorities had been 
to deduct the heat value of urea from the heat value of proteid, 
in Order to obtain the actual physiological or fuel value of proteid 
for the organism. But in the earliest experiments of Petten- 
kofer and Voit' it was recognized that in starvation urine, and 
in urines after the Ingestion of meat, there was a much larger 
Output of carbon in the urine than corresponded to the quantity 

* Stohmann: "Journal für praktische Chemie," 1885, Bd. xxxi, p. 273, and 
earlier papers. 

' Rubner: "Zeitschrift für Biologie," 1885, Bd. xxi, pp. 250 and 337. 
» Pettenkofer and Voit: Ibid., 1866, Bd. ii, p. 471. 
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of Urea present. The ratio of nitrogen to carbon was nearly 
constant in the urine when the conditions of feeding were similar. 
If Urea alone were present, Rubner estimated there would be 
0.429 grams of C to i of N or an N : C= i : 0.429. In stan^ation 
the urine contains extractive nitrogen (Creatinin, uric acid, etc., 
having relatively more carbon than urea) which has been de- 
rived from the breaking do^Ti of tissue proteid, and the ratio is 
N : C=» 1 : 0.728. When meat was ingested the fact that the food 
contained these extractives made the N:C ratio 0.610. And 
even af tcr six days' ingestion of meat washed free from extractives 
the urine of the seventh and eighth days still showed an elimina- 
tion of carbon other than that due to urea, as was indicated 
by the ratio 0.532. Therefore, from the metabolism foUowing 
the ingestion of the proteids of washed meat small amounts 
of carbon Compounds other than urea are eliminated in the 
urine. 

Rubner saw that it was the heat value of the urinary con- 
stituents thcmselves which had to be subtracted from the heat 
value of proteid if the fuel value of proteid to the body was to be 
determined. 

The foUowing table shows Rubner's resuhs after buming 
the dry urine: 



CALORIC VALUE OF URINE. 



Material Bubnfu. 



N:C. 



Urea 0.42Q 

Urine after feeding proteid 0-532 

Urine after feeding meat ' 0.610 

Urine in stan'ation 0.728 



Calories 
PROu I Gram. 



2-52.^ 
2.706 

2.054 
3.101 



Cai-orific Valur 
op iGram N. 



5.41 

7.46 
8.49 



It was not alone nccessarv to know the heat value of the 
urine cxcreted, but also that of the feces. Rubner found that 
after giving 100 parts of dry muscle containing 5.5 grams of 
ash there was an elimination of 38.2 grams of the organic 
part in the urine and 2.7 grams in the feces. The foUowing 
table represents this divisionof material in the excreta: 
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C. H. N. O. 

Coxnposition of loo parts dry muscie 50.5 7.6 X5.4 20.97 

Urine contains 38.2 parts 9.63 2.52 15.16 10.9 

Feces contain 2.7 parts 1.67 0.25 0.24 0.54 

Excreted in urine and feces ii-30 2.77 15.40 11.44 

Balance for respiration 39.2 4.8 9.53 

Rubner determined the amount of heat produced from i 
gram of ash-free feces after meat Ingestion and found it to be 
6.127 calories, while i gram of ash-free feces after proteid 
(washed meat) ingestion yielded 6.852 calories. The total calo- 
rific value of one gram of beef muscie when Rubner bumed it 
in the calorimeter was 5.345 calories. He had now the principal 
data required to detcrmine its heat value in the body. If from 
IOC grams of meat 2.7 grams appear as feces having a calorific 
value of 6.127 calories per gram, then there is here a loss of 
6.127 X 2.7 = 16.83 calories. If from every 100 grams of meat 
containing 15.4 grams of nitrogen 15.16 grams of the latter 
appear in the urine and such urine produced by ingesting meat 
has a calorific value of 7.46 calories for every gram of nitrogen 
present, then the energy loss in the urine would be 7.46 X 
15.16« 112 .94. For dry muscie substance we find theref ore : 

Calokies. 
100 grams muscie 534-5 

w-«e {^etr:;.v.:::::';6:r3}T-' "^-^ 



Fuel value of 100 grams of dry muscie 404-73 

From this value there must be a slight deduction for the heat 
present in the proteid in its coUoidal State but lost on drying, and 
for the heat of Solution necessary to dissolve urea and other 
urinary constituents. Rubner estimates thcse as: 

Heat for the imbibition of proteid 2.688 

Heat for Solution of urea i .989 

4.677 

Subtracting 4.67 from 404.73 leaves 400.06 calories as the 
maximum of energy obtainable from 100 grams of the dried 
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solids of meat. The calorimeter shows a heat value of 534.5 
calories for the same proteid. Of this, 400.06 calories, or 74.9 
per cent., is available in the organism, while the remainder, or 
25 per cent., goes to waste. 

A further calculation shows that every gram of nitrogen in the 
urine and feces represents an elimination of heat from proteid 
metabolism equal to 25.98 calories. The heat value of proteid 
under the diflferent physiological conditions was estimated by 
Rubner af ter the above fashion, and may thus be tabulated : 

CALORIFIC VALUE OF PROTEID IN NUTRITION. 



After proteid (washed meat) ingestion . . 

After meat ingestion 

Starvation 



Calories Yielded 



Heat Value of 
Proteid Metab- 



BY Metabolism üp' olism Yieldino i 



100 Graus op Pro- 
teid IN THE Body 



442.4 

400.05 

384.2 



Gm. op N in thx 

EXCRETA. 



26.66 

2594 
24.94 



If we know the amount of nitrogen in the excreta we can 
caiculate from these Standard figures of Rubner the heat value 
of the proteid metabolism to the body. Rubner found that the 
heat value of i gram of pig's fat (lard) was 9.423 calories. 
Since this fat contains 76.5 per cent. of carbon, it could be calcu- 
lated that for every gram of carbon eliminated in the respiration, 
which was the result of fat metabolism, 12.3 calories must have 
been liberated in the body. These figures enabled Rubner to 
caiculate the amount of heat liberated by the fasting man of 
Pettenkofer and Voit, whose metabolism we have already dis- 
cussed. The N excreted was multiplied by 24.94, and the fat 
carbon by 12.3 which gave the total heat value of the period: 

Heat from proteid (ii-33 Gm. NX 24.94 Cal.) 283 

Heat from fat (169.95 CX 12.3 Cal.) 2091 

Total heat value of the metabolism as calculated 2374 

Rubner applied such calculations as these to the material at 
band in the literature of the time, and discovered that the heat 
value of the metabolism of the resting individual was propor- 
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tional to the area of his body. For example, a man in starva- 
tion, or on a medium dict, an Infant at the breast, and a starving 
dog, were shown to give oflF similar quantities of heat per square 
meter of surface. To these Rubner subsequently added the 
results of his researches upon a dwarf. The following tables 
illustrate this point : 

YlELD OP CaLORIES PER SQ. M . 
SURrACE IN 34 HOURS. 

Adult man in starvalion 1 1 34 

Dog in starvation 1 1 1 2 

Adult man on a medium mixed diel 1 1 89 

Breast-fed infant 1 22 1 

Dwarf (weight = 6.6 Kg.) medium mixed diet 1 231 

This law, that the resting animal in starvation or on a me- 
dium diet gives oflF the same quantity of heat per Square meter of 
surface, can be extended so that it applies to all warm-bloodcd 
animals. Thus E. Voit^ has collected data for the following 
table: 

Weight in Kg. 

Pig 1 28.0 

Man 64.3 

Dog 15.2 

Goose 3.5 

Fowl 2.0 

Mouse 0.018 

Rubner from his work on proteid considered that the 
heat value of i gram in an average mixed diet might well be 
placed at 4.1 calories. Of course, such a mixed diet would 
contain casein (4.4 cal.), the organic substance of meat (4.233 
cal.), and vegetable proteids (3.96 cal.). The daily food 
allowance for animal proteid was put at 60 per cent., for 
vegetable proteid at 40 per cent., of the total proteid in the 
mixed dietary. For the value of neutral fats Stohmann's figures 
for olive oil, animal fat, and butter fat were averaged as follows: 

Olive oil 9-384 Calories per Gm 

Animal fat 9-372 

Butter fat 9- r 79 





Calories. 


Per Kilo. 


Per 


Sq. 


M. Surface 


19.1 






1078 


32.1 






1042 


51-5 

66.7 






103Q 
967 


71.0 






947 
1188 



<( t( tt 

(( IC 



(( (( II 



Average 0-312 

* E. Voit: "Zeitschrift für Biologie," 1901, Bd. xli, p. 120. 
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For the heat value of onc gram of fat in a mixed diet Rubner 
thercfore adopted the valuc 9.3. 

The foUowing hcat values have becn found for carbohydrates: 

SrOHMAlOf. RCBNEK. 

Dextrose 3.692 3.755 

Milk sugar 3-877 

Cane Sugar 3-059 4.001 

Starch 4.1 16 

Considering the predominating importance of starch in the 
avcragc diet, Rubner gave the value of 4.1 to the group of 
carbohydrates in the foods. 

Rubner's ** Standard values" have been widely used through- 
out the World in dctermining the average fuel value of a mixed 
diet. Theyare: 

I gram of prolcid 4.1 calories 

I gram of fat 9.3 calories 

I gram of carbühydratc 4.1 calories 

Their accuracy has been latcly verified by Rubner * in the most 
careful manner. 

Atwater and Bryant ' have sought to modify this Standard 
value and offer the following in Substitution: 

I gram of protcid 4.0 calories 

I gram of fat 8.9 calories 

I gram of carbohydrate 4.0 calories 

Atwater' states that these figures are absolutely available 
in Computing the average diet (results of 41 1 experiments). The 
difference between the two Standards probably lies in the fact 
that Rubner gave comparatively pure foods, while the waste 
ihrough the feces in Atwater's diets reduced the nutritive avail- 
ability. Another difference lies in the fact that Atwater * uses 
as a small calorie the amount of heat necessary to raise i c.c. of 

* Rubner: "Zeitschrift für Biologie," Festschrift zu Voit, 1901, Bd. xlii, 
p. 261. 

'Atwater and Bryant: "Report of the Storrs Agricultural Experiment 
Station," 1899, p. iio. 

* Atwater: "Am. Journal of Physiology," 1904, vol. x; "Proceedings of the 
Am. Physiol. Society," p. xxx. 

* Atwater and Rosa: U. S. Dept of Agriculturc, Bulletin 63, 1899, p. 55. 
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water from a temperature of 19.5® to 20.5° instead of from 0° 
to 1°, the xinit ordinarily employed. 

Rubner/ still working in the Munich laboratory, showed 
that if the diet were increased from a medium to an abundant 
amount, the metabolism as indicated by the heat production 
rose. This dynamic action resulting from the excessive Inges- 
tion of a foodstuflf was greatest with proteid, less after fat, and 
scarcely at all after carbohydrates. 

Finally Rubner, in his own laboratory at Marburg, evolved 
an animal calorimeter which could accurately measure the 
amount of heat a dog produced in twenty-four hours. The 
dog was placed within the Chamber of the calorimeter, and this 
Chamber was attached to a respiration apparatus, so that the 
metabolism could be calculated according to the method of 
Pettenkofer and Voit. From the metabolism the heat produc- 
tion could be estimated. The results were a triumphant 
demonstration of the truth of the law of the conservation of 
cnergy. The amount of heat that Rubner^ calculated should 
have been derived from the metabolism of the dog during the 
day spent in the calorimeter was the amount actually givcn oflf by 
the dog to the calorimeter. The metabolism, the cause of the mo- 
tions of life, was the source of the heat-loss of the body. The re- 
sults achieved constitute a final verification of the methods of cal- 
culating the total metabolism originated by Pettenkofer and Voit. 

An epitome of Rubner's experiments is here presented: 



COMPARISON OF ESTIMATED HEAT FROM METABOLISM WITH 

HEAT ACTUALLY PRODUCED. 



Food. 



Starvation . . . 

Fat 

Meat and fat 

Meat 



NCMBER of 


/ 


Days. 


5 


■^ 
l 


2 


i 


5 


f 


8 



12 
6 

7 



Heat Calo. 

FROH 

Metabolism. 



1296.3 
1091.2 
1510.1 
2492.4 

39854 
2249,8 
4780.8 



Heat Directly 
Detekmined. 



13052 
1056.6 
1498.3 
2488.0 

3958.4 
2276.9 

47^9-3 



DiPFERENCE 

IN Percent- 
AG E. 



— 142 

.97 



—0.42 
+ 0.43 



* Rubner: "Sitzungsberichte derbayer. Akademie," 1885, p. 454. 
' Rubner: "Zeitschrift für Biologie,'* 1893, Bd. «x, p. 73. 
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FoUowing Rubner, Atwater, at one time a pupil of Voit, 
with the aid of Rosa, the physicist, has constnicted a large 
calorimeter capable of measuring to a nicety the amount of heat 
given off by a man living in it. This apparatus has confirmed 
Rubner's experiments and has shown that the energy expended 
by a man in doing any work, such as bicycle-riding, is cxactly 
equal to the energy set free by metabolism in the body. Ex 
nihüo nihil fit. 

This apparatus was the product of many years of labor and 
its cost was bome by the United States Government. Armsby 
has completed a similar one for use with cattle, for the Agricultural 
Station of the State of Pennsylvania. These elaborate and 
costly devices prove and confirm the general laws of metabolism 
in the body, through a knowledge of which alone proper Systems 
of nutrition for people undcr various conditions may be devised. 
The American Indian when first shown a watch thought it was 
alive. We, on the other hand, have come to look upon the liv- 
ing as a machine. Like the moving locomotive, we burn more 
if we are to attain a faster speed, or if we are to keep all parts 
warm in the winter's cold, and a part of the fuel may be wasted as 
heat. In both cases the motion and the heat are derived from 
the power in the fuel. The casual observer sees the moving 
train, but the expert engineer alone knows how and why the 
wheels go around. The physiologist busies himself answering 
the similar how and why regarding the mechanism of living 
things. 

Before taking up the details of the work, we may copy the 
last general pronouncement of Voit * upon the subject of metab- 
olism. It reads: 

"The unknowTi causes of metabolism are found in the cells 
of the organism. The mass of these cells and their power to 
decompose materials determine the metabolism. It is abso- 
lutely proved that proteid fed to the cells is the easiest of all the 
foodstuffs to be destroyed, next carbohydrates, and lastly fat. 
The metabolism continues in the cells until their power to 

* Voit : " Münchencr medizinische Wochenschrift," 1902, Bd. xlix, p. 233. 
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metabolize is exhausted. All kinds of influences may act upon 
the cells to modify their ability to metabolize, some increasing 
it or others decreasing it. To the former category belong 
muscular work, cold (in warm-blooded animals), abundant 
food, and warming the cells. To the latter, cooling the cells, 
certain poisons, etc. 

"In speaking of the power of the cells to metabolize, I have 
not meant thereby, as may be seen from all my writings, that the 
cells must always use energy in ordcr to metabolize, but rather 
I have understood thereby the sum of the unknoA\Ti causes of the 
metabolic ability of the cells — as one speaks of the fermen- 
tative *power' of yeast cells. 

**The metabolism of the different foodstuffs varies with the 
quality and quantity of the food. Proteid alone may bum, or 
little proteid and much carbohydrates and fat. I have deter- 
mincd the amount of the metabolism of the various foodstuffs 
under the most varied conditions. All the functions of metab- 
olism are derived from the processes in the cells. In a given 
condition of the cells, available proteid may be used exclusively 
if enough be fumished them. If the power of the cells to metab- 
olize IS not exhausted by the proteid fumished, then carbo- 
hydrates and fats are destroyed up to the limit of the ability of 
the cells to do so. 

" From this use of materials arise physical results, such as 
work, heat, and electricity, which we can express in heat units. 
This is the power derived from metabolism. 

**It is possiblc to approach the subject in the reverse order, 
that is, to study the energy production (Kraftwechsel) and to 
draw conclusions regarding the metabolism (Stoffwechsel). It 
is perfectly possible to say that the requirement of energy in the 
body or the production of the heat neccssary to cover heat loss, 
or for energ}»^ to do work, are Controlling factors over the metab- 
olism; since on cooling the body or on working correspond- 
ingly more matter is destroyed. But one must not conclude 
that the loss of body heat or muscular work are the immediate 
causes of this increased metabolism. The causes lie in the 
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peculiar conditions of the organism, and muscle work and loss 
of heat are merely factors acting favorably upon those causes, 
raising the power of the cells to metabolize. In virtue of this 
more is destroyed, and secondarily the power to work and in- 
creased heat production is afforded. 

"The requirement for energy cannot possibly be the cause 
of metabolism, any more than the requirement for gold will put 
it in one's pocket. Hence the production of energy has a very 
definite upper limit, which is afforded by the ability of the cells 
to metabolize. If the cells will metabolize no more, then fur- 
ther increase of work ceases even in the presence of direst 
necessity; and this is also the case with the heat production, 
even though it were very necessarj', and we were likely to freeze. 

"I therefore maintain my *older' point of view, that of pure 
metabolism, in order to explain the phenomena of nutrition. I 
am convinced that it is the right way, and that the clearest and 
most unifying development will be possible as one investigates 
what substances are destroyed under different circumstances, 
such as work, and loss of heat, and how much of the different 
materials must be fed to maintain the body in condition." 



CHAPTER IL 
THE FECES. 

In the historical introduction of the preceding chapter it has 
been shown that the nitrogen of the urine and feces can be made 
a measure for the determination of proteid metabolism. It is 
easy to comprehend that urinary constituents, such as urea, uric 
acid, the purin bases, Creatinin, etc., are derived from the metab- 
olism of flesh in the body, whether the flesh be the body's own 
or that of an animal fed to it. But the intestinal canal where 
the feces are formed is a long tube open at both ends, through 
which may pass the nitrogen gas of the air swallowed and in- 
digestible substances such as hair, tacks, etc. In diarrhea the 
curds of milk, pieces of undigested meat or bread, and large 
quantities of fat are in evidence. These common observations 
would seem to justify the populär supposition that normal feces 
are made up of the undigested residues of the foodstuffs. In 
truth, however, this is very far from the fact. The feces are 
chiefly the unabsorbed residues of intestinal excretions. 

The collection of the feces for a given pcriod of nutrition is 
more difficult than the collection of the urine. The urine may 
be collected every two hours and may fairly represent the pro- 
teid metabolism of the time, but the feces are normally passed 
but once a day by a man on a mixed diet, and only once in 
five days by a dog fed with meat. Furthermore, particles 
fed to a man are not passed in his feces for two or three 
days. The feces formed during a ccrtain digestive period 
might therefore leave the body two or three days after the urine 
was drawTi from the bladder. To obtain clear results Voit 
fed a dog w'ith 60 grams of bones in a preliminary diet 
eighteen hours before the regulär feeding began. These bones 
yielded a whitish mark in the fecal excretion. All feces sub- 
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sequent to the mark were attributed to the diet used in the ex- 
periment. At the conclusion of the experiment a second diet 
containing bones was given. The whitish excrement formed 
from this indicated the end of the feces of the period. For the 
same purpose Rubner * gave milk (2 liters) to a man, the last 
portion of the milk being taken eighteen hours before the com- 
mencement of a period of feeding. The milk feces give a dis- 
tinct whitish dividing line. A teaspoonful of lampblack may 
also be readily made use of in man and in animals. Cremer ' 
uses freshly precipitatcd silicic acid (10 to 25 grams mixed with 
40 to IOC grams fat) instead of bones. This gives excellent 
results, as it avoids the gelatin nitrogen in the bones, and is of 
great advantage if the calcium or other ash constituents of the 
feces are to be determined. 

In the fundamental experiments Voit found that a fasting 
dog weighing 30 kilograms excreted 1.88 grams of dry fecal 
matter per day, containing 0.15 gram of nitrogen. Evidently 
these starvation feces are not derived from the food, but must be 
derived from the matter passed from the body into the intestinal 
canal. An analogous condition is found in the intestinal tract 
of the new-born Infant. The meconium consists principally 
of the unabsorbed residues of the bile, of glycocholic, taurocholic, 
and fellic acids, of Cholesterin and lecithin, colored by bilirubin 
or biliverdin. The absence both of putrefaction and the acid 
of the gastric juice prevents the breaking up and reabsorption 
of many of these substanccs, proccsscs which occur soon after 
birth. The fasting dog of 30 kilograms, mentioned above, 
excreted 1.88 grams of dry feces, but a fasting dog of 20.3 
kilograms may yield 4.3 grams of dry bilc solids in twenty- 
four hours.^ The ordinary starvation feces therefore cannot 
consist of the total of the excretions from the body into the 
digestive tract, but rathcr their unabsorbed remainder. 

When meat was given, Bischoff and Voit * found that the 

* Rubner: "Zeitschrift für Biologie," 1879, Bd. xv, p. 119. 

* Cremer: Ibid., 1897, Bd. xxxv, p. 391. 
' Voit: Ibid., 1894, Bd. xxx, p. 548. 

* Bischoff and Voit: "Die Ernährung des Fleischfressers," 1860, p. 291. 



THE FECES. 47 

production of feces was not proportional to the amoiint of meat« 
The foUowing table illustrates the average amount of dry feces 
produced by a dog weighing 35 kilograms after feeding diflFerent 
quantities of meat : 

Meat in GiAMS. Dby Feces. 
500 10.7 

1800 II. 2 

2500 11.93 

The feces had the same pitch-black color as starvation feces 
and were similar to the 2 grams of feces which would have been 
produced by the same dog had he been starving. No muscle 
fibers and no proteid could be detected. It seemed clear that 
the meat feces differed from the starvation feces mainly in 
quantity, and that this quantity was larger because the secre- 
tions into the intestines had been stimulated by the passing food. 
- Fat ingested with the meat in moderate quantities had no 
influence on the feces. Nor had sugar, unless its fermentation 
produced diarrhea. Bread somewhat increased the volume of 
the feces, which contained some undigested starch. Here an 
Irritation of the intestinal canal by the bread produced a larger 
excretion into the intestine. 

The source of the feces was further investigated by Fritz 
Voit/ who separated a loop of the intestine äbout a third of a 
meter long from the rest of the intestine of a starving dog. Both 
ends of the loop were tied and the loop remained in the abdo- 
men in connection with its normal nerve and blood supply. 
The two ends of the remaining portion were rcsected. After a 
few days food could be given and the normal excretion of feces 
took place. After three weeks the animal was killed. It was 
found that the isolatcd loop contained a thick, fecal-looking 
mass. It was found that the dry solids of this mass contained 
the same percentage of nitrogen as did the feces passed by the 
dog during the three weeks of the cxperiment. It was also 
calculated that the amount of nitrogen excreted through the 
wall of the intestinal loop per Square meter of its surface was 

* F. Voit: "Zeitschrift für Biologie," 1892, Bd. xxix, p. 325. 
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nearly the same per unit of area as thc amount of nitrogen in 
the feces when spread over the surface of the whole of the re- 
sected intestine. The following table shows this: 



Pebcentage op N 

IN TUE DlY 
SUBSTANCE. 



Feces. 




Content 

OP lXH>P. ' 



Gbams X piom X Sq. 

M. IN 34 HODIS. 



Feces. 



Content 
OP Loop. 



The loop contained fat and fatty acids in greater quantity 
than is normally found in feces, which may indicate a usual 
reabsorption of these substances. 

Fritz Voit has therefore shown that the excretion of sub- 
stances from an isolated loop of the intestine produces a mass 
of a similar Constitution and of nitrogen output equal to that 
in the normal resected intestine of the same animal through 
which meat and fat vvere passing. He therefore concludes that 
the feces are derived principally from the substances excreted 
through the wall of the intestine. The nitrogen so excreted 
is as much to be considered a product of proteid metabolism as 
is the nitrogen of urea. It is regretable that very little is known 
regarding the chemistr}' of these nitrogenous Compounds ex- 
creted into the intestine. 

It has been seen that the feeding of simple foodstuffs, such as 
meat, fat, and sugar, scarcely influenced the composition of the 
feces in the dog. In herbivora we pass to another extreme. 
Here vast amounts of cellulose are eaten, a great part of which 
is never digested, but cven after long retention in the capacious 
intestinal tract is passed in the feces. After giving an ordinary 
fodder to a cow, as much nitrogen may be passed in the feces as 
in the urine. ünder such conditions as these, the very volu- 
minous feces evidently do consist largely of the undigested 
residues of the fodder. 
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Conceming the fecal production in man, it has been found 
that Cetti* excreted 3.8 grams of dry fecal solids per day during 
a fast of ten days, Br^ithaupt 2 grams, and a medical Student' 
2.2 grams, less in reality than would a dog of similar size. 

Rieder' fed a man on a diet containing starch, sugar, and 
lard from which a cake was baked. The food contained no 
nitrogen, but the fecal excretion was 0.54, 0.87, and 0.78 
gram of nitrogen per day, contrasting with 0.316 gram from 
Cetti, 0.113 from Breithaupt, and 0.13 from a medical Student 
during fasting. The food, even though it contains no proteid, 
stimulates the fecal production. 

It has been stated that Voit early noticed the occurrence of 
starch particles in the feces. A large number of experiments 
have been made to test the digestibility of the various vegetables 
and cereals. Rubner* fed an able-bodied soldier on 3078 
grams of variously cooked potatoes daily and found pieces of 
potatoes in the feces. He notes that an inhabitant of Ireland 
will eat 4500 grams of potatoes a day. Friederich Müller* 
writes that after feeding a large quantity of bread, the feces may 
have practically the same composition as bread. 

The better understanding of this question of the "digesti- 
bility'* of the carbohydrates has come through the work of 
Prausnitz* and his pupils, Moeller and Kermauer. Moeller 
found that no starch appeared in the feces after feeding well- 
cooked white, rye, and graham bread, rice or potatoes (even when 
fed in pieces) or legumes when they were prepared in the form of 
pur^e. Legumes not in the form of pur^e, such as string beans 
eaten as salad, may resist the action of the digestive Juices so 
that the starch contents of the cell is untouched, and the vegeta- 
ble cells appear in the feces. These facts explain the appear- 
ance of bread in the feces if the bread be badly cooked, or if 

* Lehmann, Müller, I. Munk, Senator, Zuntz: " Virchow's Archiv," 1893, 
Bd. cxxxi. Suppl. Heft. 

^Johansson, Landergren, Sonden, Tigerstedt: "Skandin. Archiv für 
Phvsiologie," 1896, Bd. vii, p. 29. 

' » Rieder: "Zeitschrift für Biologie," 1884, Bd. xx, p. 378. 

* Rubner: IHd.y 1879, Bd. xv, p. 146. 

* Fr. Müller: Ibid., 1884, Bd. xx, p. 375. 

* Prausnitz: Ibid., 1897, Bd. xxxv, p. 335. 
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such a **heavy" bread as pumpemickel be eaten. The im- 
perfectly cooked bread contains starch granules whose cover- 
ings are impermeable to the digestive Juices, as are also many 
of those in the unbolted rye of pumpemickel. 

Prausnitz finds that if a man be put on a rice diet and then 
meat be substituted for most of the rice, the composition of the 
feces does not vary with the diet. Such feces he calls nor- 
mal feces, They may contain a negligible quantity of fibers of 
meat (Kermauer) or of cellulose from the rice. 

The feces of six persons placed altemately on meat and rice 
diets yielded normal feces, the percentage composition of whose 
dry solids was as foUows: 

COMPOSITION OF FECES ON DIFFERENT DIETS. 



No. 


Person. 


Principal Food 


N^. 


ExHERExTEACrff. 


ASH 1i. 


I 


H. 


Rice 


8.83 


12.43 


15-37 


2 


H. 


Meat 


8-75 


15-96 


14.74 


3 


M. 


Rice 


8-37 


18.23 


11.05 


4 


M. 


Meat 


9.16 


16.04 


12.22 


5 


W. P. 


Rice 


8-59 


15.89 


12.58 


6 


W. P. 


Meat 


8.48 


17.52 


13- 13 


7 


J. Pa. 


Rice 


8.25 




14.47 


8 


J. Pa. 


Meat 


8.16 




iS.20 


9 


F. Pi. 


Rice 


8.70 




16.09 


lO 


F. Pi. 


Meat 


9.05 




1514 


II 


Vegetarian. 


Rice 
Average, 


8.78 
8.65 


18.64 


12.01 




16.39 


13-82 



It is Seen from this that whether the food solids contain 1.5 per 
Cent. N, as in rice, or ten times that, as in meat, the composition 
of the feces remains uninfluenced. Normal feces result from the 
eating of any food which is completely digested and absorbed. 
In all such cases these feces have the same composition and are 
derived from the intestinal wall. It is therefore not astonishing 
that a vegetarian of many years' Standing produced the same 
kind of feces when fed on rice as did the other men. The same 
quality of feces has been obtained after giving good bread. 

In this connection it is interesting to note that the heat value 
of one gram of human feces is very constant whether the person 
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is on a meat diet or a medium mixed diet. Rubner* gives the 
value of one gram of organic matter in the feces of a man on a 
meat diet at 6.403 cal., while on a mixed diet one gram varies 
between 6.061 and 6.357 cal. The average fuel value of feces 
is therefore 6.2 calories per gram of dry organic substance, and 
this changes only when there is a poor utilization of the food.' 
According to Lorisch,* one may calculate the approximate heat 
value of feces by reckoning the nitrogen therein as proteid, and 
multiplyingthe"proteid," "fat" and carbohydrate present, by 
their usual heat value. The sum of these is said to give a rough 
estimate of the calorific loss through the feces. 

After eating pumpemickel, bad bread or string beans the 
waste of undigested residues of these substances may appear 
in the feces, changing its composition and lowering its per- 
centage of nitrogen content. 

In general, Prausnitz finds no difference between the digesti- 
bility and absorbability of animal and vegetable foods. Meat, 
rice, and bread from fine flour are all digested and absorbed. 
The ordinary feces indicate whether a given food is a small or a 
great feces builder, not how much or how little food has been 
used for the organism. 

The value in such foods as cabbage, string beans, cauliflower 
and the like lies, aside from their flavor, in the fact that their 
indigestible waste may enhance peristalsis in the intestine. 
Their food value is small, and if given to those with weak 
digestions, is dubious. 

* Rubner: "Die Gesetze des Energieverbrauchs," 1902, p. 35. 

' Rubner*. Lcyden's " Handbuch der Ernährungstherapie/' 1903, p. 32. 

' Lorisch: " Zeitschrift für physiologische Chemie/' 1904, Bd. xli, p. 308. 



CHAPTER III. 
STARVATION. 

Starvation, or hunger, is the deprivation of any or all the 
Clements necessary to the nutrition of an organism. Thus 
when carbohydrates and fats only are eaten, proteid hunger 
ensues. If the body is deprived of water or of calcium, thirst 
and calcium hunger, as the case may be, follow. Complete 
starvation occurs when all the required elements are inadequate. 
A fasting dog to whom no food or drink is offered does not un- 
dergo starvation in this sense, for a dog does not sweat through 
his skin, as is the case in man, and the metabolized tissue fur- 
nishes enough water for the urine and respiration. There is 
also no water hunger in a dog when meat is ingested, for the 
meat contains enough water to dissolve the end-products of 
its metabolism in the urine. 

A true picture of watcr hunger is presented by Straub/ who 
gave a dog dry meat powder mixed with fat. Under these cir- 
cumstanccs water is withdrawn from the tissues to dissolve the 
Urea formed. He found that muscles may lose 20 per cent. of 
their water content without pathological manifestations, al- 
though withdrawal of water somewhat increased the proteid 
metaboUsm. The experiment could not be carried to the point 
of death from thirst, for after a few days the food was regularly 
vomited, on account of the decreased flow of the digestive 
secretions and an altered condition of the intestinal canal. The 
non-absorption of the meat powder threw the body on the re- 
sources of its own tissue, and this form of starvation, as has been 
shown, does not constitute water hunger. 

Rubner ^ finds that starving pigeons die of thirst in four to 

* Straub: "Zeitschrift für Biologie," 1899, Bd. xxxviii, p. 537. 

'Rubner: Leyden's "Handbuch der Ernährungstherapie," 1903, p. 53. 
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five days, while those allowed only water live twelve days. 
Water hunger is therefore more quickly fatal than starvation 
when water is allowed. Under the usual conditions of so- 
called starvation experiments water is freely allowed, so that 
water hunger does not enter as a factor into the foUowing dis- 
cussion. 

If water be available, the organism obtains the energy 
necessary for its continued existence from the destruction of its 
own Store of proteid and fat. After a variable length of time 
the organism succumbs. Exposure to cold greatly hastens the 
end. What is ordinarily called death from starvation is often 
really death from exposure. 

Succi has fasted several times for thirty days. Dr. Tanner, 
an American physician, for forty days; and Merlotti in Paris 
for fifty days. Succi took laudanum in considerable quantity 
to stay the pain in his stomach, while Merlotti took only water.* 
The effect of fasting on the spirits of the faster varies with the 
individual. Usually there is a loss of buoyancy of spirit, a de- 
creased desire to work, and a decrease in the actual power to 
work. Succi, however, was capable of considerable exertion, 
such as Walking and riding, without ill effects. A dog does not 
manifest the same depression as is seen in man. Dogs may be 
starved several days before they are run in a hunt. The longest 
fast on record is that of Kumagawa's' dog, who died on the 
ninety-eighth day. This dog was reduced in weight from 1 7 to 
5.96 kilograms, a loss of 65 per cent. 

The day to day history of the starving organism must now 
be considered. 

In the first days the amount of proteid metabolized depends 
upon the two factors, the glycogen content of the individual and 
the quantity of proteid ingested before the starvation period. 
The influence of the first factor was shown by Prausnitz.' 
Fifteen individuals (mostly medical students who were taking 

* Luciani: "Das Hungern," 1890, p. 28. 

' Kumagawa and Hayashi: '^Archiv für Physiologie," 1898, p. 431. 

' Prausnitz: *' Zeitschrift für Biologie," 1892, Bd. xxix, p. 151. 
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a course of Instruction in the laboratory) fasted for sixty hours. 
The first day's urine was collected beginning after twelve hours 
of fasting. The second day's urine contained in twelve cases 
more nitrogen than that of the first day of starvation. The 
lower proteid destruction on the first starvation day must have 
been due to the continued use of sugar from the glycogen supply. 
It is known that the combustion of sugar considerably reduces 
the proteid metabolism, so the second day and not the first of 
starvation should be taken as the basis of the fasting proteid 
metabolism. 

The second factor, or the influence of the previous meat In- 
gestion, is especially dominant in dogs. Voit* fed a dog weigh- 
ing 35 kg. with diflFerent quantities of meat and noticed the 
effect on urea elimination during subsequent starvation. The 
results were as foUows: 



INFLUENCE OF PREVIOUS DIET ON UREA ELIMINATION IN 

STARVATION. 



Gl Alis OF Urea Excbeted Duiino Stabvation 
FoLLowiNC Vaiious Dists. 



Meat. 
asoo G. 



Last food day ' 180.8 

ist fasting day 60.1 



3d 




K 


3d 




< t 


4th 




i( 


Sth 






6th 






7th 






8th 






9th 






loth 







24.9 

19. 1 

17.3 

12-3 

133 
12.5 

lO.I 



Meat, 1800 

G.; Fat, 

250 G. 


Meat, 

1500 G. 

I10.8 


Meat. 
X500 G. 


Bread. 


130.0 


II0.8 


24.7 


375 


29.7 


26.5 


19.6 


233 


18.2 


18.6 


15.6 


16.7 


175 


157 


14.9 


14.8 


14.9 


14.9 


13-2 


1 12.6 


14.2 


14.8 


12.7 


12.8 


13.0 


12.8 


130 


12.0 


12. 1 


12.9 


... 


• • • 


12.9 


12. 1 


... 


1 


« • • 


11.9 


. * • 


1 ... 


• • • 


11.4 


... 



It is evident from this that on the sixth day of starvation the 
urea elimination was the same in all cases, or about thirteen 
grams. Voit, however, assumed a fasting minimum of twelve 
grams of urea per day. He deducted the twelve grams from 

> Voit: "Zeitschrift für Biologie," i866, Bd. ü, p. 307. 
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what he had found for the first days and obtained the grams of 
Urea which were derived from the previous food, as foUows: 

UREA EUMINATION IN STARVATION ATTRIBUTABLE TO 

PREVIOUS DIET. 



(Last food day) 
ist fasting day. 
2d " " . 

3d " " - 
4th " 

5th " 



MSAT. 


Mbat, 1800 

G.; Fat, 

aso G. 


Meat. 


Meat. 


3500 G. 


1500 G. 


1500 G. 


(168.8) 


(118.0) 


(98.8) 


(98.8) 


48.1 


25-5 


177 


14.5 


12.9 


"•3 


6.2 


6.6 


71 


4-7 


SS 


3-7 


! 5.3 


2.8 


2.9 


2.9 1 


03 

1 


0.6 


2.2 


2.8 



BtEAO. 



(12.7) 
7.6 

3.6 
2.9 
1.2 
0.7 



The amount of extra proteid metabolism is seen from the 
above to be directly dependent on the previous feeding, a com- 
mon level being reached in all cases on the fifth day of fasting. 

These experiments led Voit to differentiate between 
"circulating proteid," which could be absorbed, carried to the 
tissues, and bumed, and "organized proteid," which was the 
more resistant living proteid of the tissues themselves. Voit* 
stated that in metabolism the lifeless proteid fumished to the 
cells by the blood was used in preference to the Uving organized 
tissue proteid. He quoted Landois's experiments, which 
show that after producing an artificial plethora through in- 
jection of blood, the serum proteids are readily bumed and 
their nitrogen eUminated in the urine, while the red blood-cells 
containing the organized proteid are only slowly destroyed. 
If serum alone be transfused its proteid is rapidly destroyed.' 

Even in starvation there is evidence of **circulating proteid" 
as food for the tissues. Thus Miescher showed that the salmon, 
after entering the Rhine from the sea, virtually starves. Yet 
the genital organs of both male and female greatly develop, 
this being at the expense of the muscles, which may lose 55 per 
cent. of their weight. This proteid must have been carried to 

* Veit: "Handbuch der Ernährung," 1882, p. 300. 
'Forster: "Zeitschrift für Biologie," 1875, Bd. xi, p. 496. 
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the various parts of the body in the circulating blood-stream. 
Miescher finds no indication of any destruction of muscle fibers 
in this process of emaciation. It is interesting in this con- 
nection to note that A. R. MandeP has been able at a pressure 
of 300 to 350 atmospheres acting on lean meat seventy-two 
hours old to press a fluid containing 44 per cent. of the proteid 
present in the fibers, and this without visible change from the 
normal histological appearance of the muscle. 

It seems quite possible that in ordinary starvation proteid 
from the muscle and other tissue passes to the blood and is 
carricd to all the organs as circulating proteid for the nutrition 
of thcir cells. 

In modern critical consideration of the "circulating proteid" 
it must be bome in mind that the amino products resulting 
from proteid digestion are probably largely metabolized as such, 
and are only in part regenerated into proteid within the organ- 
ism (page 291). Since the composition of the blood-plasma is 
practically the same in star\'ation as after large digestion of meat 
(page 70), it is evident that the storage of such regenerated 
proteid must be effccted elsewhere than in the blood (page 159). 

Another thought is that when tissue proteid becomes cir- 
culating proteid in the cited case of the salmon, modern theory 
would assume its cleavage into amino acids previous to its 
regeneration into the tissue proteid of the genital organs. Thus 
KosseP estimates that a salmon weighing 9 kg. deposits at 
breeding-time in his testicles 27 grams of salmin containing 
22.8 grams of arginin. Kossei calculates that metabolism of 
muscle proteid during this time yields ample arginin to form 
the new salmin. 

Whatever misconstruction has been placed on Voit's term 
"circulating proteid," discussion of the subject has served to 
emphasize the distinction between the behavior of living tissue 
proteid and the lifeless proteid (or proteolytic cleavage products) 
of the nourishing fluid. 

* Mandel: Unpublishcd work from the Munich Clinic of Prof. Fr. Müller. 
' Kossei: "Biochemisches Centralblatt, " 1906, Bd. v, p. 33. 
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This point is furthermore strongly illustrated by the be- 
havior of gelatin. Voit has demonstrated that although gelatin 
can never be converted into tissue proteid nor be retained 
in the body, its Ingestion may in part prevent the combustion 
of the living proteid tissue of the body (page 102). 

The amount of proteid metabolized by a starving animal in 
good condition bears quite a constant relationship to the total 
metabolism involved. Even in different animals this constancy 
is obsen'ed. E. Voit* calls attention to the fact that the nitrogen 
elimination is not dependent on the weight of the animal, since 
a pig of 1 1 5 kilos produces o. 1 1 gram per kilo, whereas a guinea- 
pig weighing but 0.6 kilo eliminates 0.65 gram of nitrogen per 
kilo, or ten times as much. Hovvever, a comparison of the 
percentage of the total energy derived from proteid in fasting 
animals in good condition (i. e., with considerable fat) varies 
within much narrower limits — between 7.3 and 16.5 per cent. 
This is shown in the foUowing table : 

NITROGEN METABOLISM OF DIFFERENT ANIMALS IN 

STARVATION. 



Animal. 



Weicht in 
Kg. 



N Elimination. 



I 



Total. 



Pig 

Man 

Dog I.... 

Dog IL... 

Dog III.... 

Rabbit 

Goose 

Fowl 

Guinca-pig. 



115.0 

63.7 
28.6 

18.7 

7-2 

2-7 

3-3 
2.1 

0.6 



6.8 
12.6 

5-1 

3.8 
2.2 

1.2 

0.8 

0.7 
0.4 



Per Kg. 



0.06 
0.20 
0.18 
0.20 
0.30 
0.46 
0.23 

0.34 
0.65 



Per Sq.M. 
Surface. 



3-2 
6.4 

5-2 
4.6 

5-2 

4.8 

3-3 
4.2 

4.2 



Percentage 
OF Calories 
FROM Pro- 
teid. 



7-3 
15.6 

132 
10.7 

13.5 
16.5 

7-4 
lo.o 

10.8 



It is evident from the above that an average of 90 per cent. 
of the energy of the fasting metabolism may be supplied by 
non-proteid material. This material is fat (see page 26). 

If a fasting organism be kept at the same temperature and 
under the same conditions as regards the Performance of 

' E. Voit: "Zeitschrift für Biologie," 1901, Bd. xli, p. 188. 
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extemal work, the metabolism is remarkably even from day lo 

day. 

Hanriot and Riebet ' showed the even absorption of oxygen 

and elimination of carbon dioxid during the early days of fasting 

in man, as is illustrated in this table: 



Ltteks O» 

PEI HOUR. 

After 17 houra* fast 17.4 

24 " •• 16.85 

29 •* " 16.05 

46 •' " 16.9 



<< 



Ltteks COs 
PEt Hout. 

15-3 
14.15 
14.30 
14.35 



Later Lehmann and Zuntz' made some experiments on the 
professional faster Cetti. They analyzed bis urine and feces, 
and also obtained two samples of the carbon dioxid eliminated 
between 10 and 11 A. m., each period of coUection lasting from 
ten to fourteen minutes. In other words, the carbon dioxid Out- 
put was determined for only twenty to twenty-six minutes daily. 
From these data the total day's metabolism was calculated. 
This method is only approximately correct, but it is more ac- 
curate in the even metabolism of starvation than after foods 
have been ingestcd. In this method the lower metabolism 
during the night is not taken into consideration. 

The investigation of the metabolism of Cetti during a ten 
days' fast was as foUows: 

METABOLISM OF CETTI IN STARVATION. 



Fasting Days. 



I t0 4 . 
5to6. 
7to8 . 
9 to 10 



Peoteid. 

85.88 

69.58 

66.30 
67.96 


Fat. 


Calories 

FROM 

Proteid. 


Calories 
FROM Fat. 


Calories, 
Total. 


136.72 

131.30 
149-35 
132.38 


! 329.8 

267.3 
254.7 

' 261. 1 

1 


1288.2 
1237-4 

1407.3 
1247.4 


1 

1618 

1504 
1662 

1508 



Calories 
PER Kilo. 



29.00 
28.38 

31.74 
29.26 



A very careful experiment on the metabolism of a fasting 
medical Student twenty-six years old was made by Johansson, 

* Hanriot et Riebet: "Comptes rendus de TAcademie des Sciences," 1888, 
Tome cvi, p. 496. 

'Lehmann and Zuntz: "Arch. f. pathol. Anat.," 1893, vol. cxxri, SuppL 

P. 23. 
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Landergren, Sonden and Tigerstedt/ The man fasted five 
days, doing light work in the respiration apparatus. The metab- 
olism during these days was determined. The excreta in grams 
were as follows: 



METABOLISM OF J. A. IN STARVATION. 



Dat or 


N EUMIMAnON. 


C ELIMINAnON.. 


Fastxng. 


Urine. 


Feces. 


Toul. 


Urine. 1 Em». 


Respindoo. 


Toul. 


I 

2 

3 

4 

5 


12.04 
12.72 
13.48 
13-56 
11.34 


0.13 

0.13 

0.13 
0.13 

0.13 


12.17 
12.84 
13.61 

13.69 
11.47 


8.0 

8.3 

9.9 
10.3 

9.3 


X • X 
X • X 
X « X 


188.5 

179.4 
172.2 

169.4 
165.8 


197.6 
188.8 
183.2 
180.8 
176.2 



The evenness of the carbon and nitrogen elimination is 
remarkable. From the above figures the foUowing table of 
the general metabolism is made: 



Oay or Fasting. 



I 

2 

3 
4 

5 







Calories 


Calories 


Pkoteio. 


Fat. 


FROM 


rROM 






Proteid. 


Fat. 


76.1 


206.1 


303.5 


1916.9 


80.3 


191. 6 


320.5 


1 781.9 


85- 1 


181. 2 


339-4 


1684.7 1 


856 


177.6 


3414 


1651.9 


71.7 


181. 2 


286.1 


1684.7 



Calories. 
Total. 



2220.4 
2102.4 
2024.1 

1992.3 
1970.8 



Further calculation shows the foUowing relations between 
the weight of the individual and the calorific production : 

Dat of Weicht Calories 

Fastinc. in Kilos. per Kilo. 

I ^.99 33.15 

2 65.71 32.00 

3 64.88 31.20 

4 ^>3.99 31.13 

5 63.13 31.23 

On the fifth day of fasting it is seen that the individual 
bumed 71.7 grams of proteid, 181. 2 grams of fat, and produced 

* "Skandin. Archiv für Physiologie,'* 1896, Bd. vii, p. 54. 
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1971 calories, or 31.23 calories per kilogram of body substance. 
This is presumably the minimum compatible with ordinary life. 
E. Voit* gives the foUowing summary of the energy re- 
quirements during the early days of stan^ation in man: 



GENERAL TABLE OF STARVATION METABOLISM IN MAN. 



Day 
op Fast. 



Weicht. 



1 70.6 

1 704 

I to 5 64.9 

1 59-5 

I tu 2 56.0 



Enekct in Calories. 



Total. 



2359 
2222 

2071 

1893 
1773 



Per Kg. 



33-4 
31.6 

319 
31.8 

31-7 



PerSq.M 

Surface. 



III2 
1060 
1042 
IOI2 

985 



AUTHOK. 



Pettcnkofer and Voit. 

Pettenkofer and Voit. 

Tigerstedt. 

Zuntz and Lehmann. 

Zuntz and Lehmann. 



This minimal metabolism requirement of the fasting organ- 
ism appears remarkably constant in different men. Not only 
is the total metabolism the same but also the amounts of proteid 
and fat which yield the energy are the same. This is shown by 
comparing the nitrogen excretion of the different fasters during 
the first days. These are as follows: 

Cetti.» Bkeithaupt.> Süca.* J.A.» Succi.« 

I 1355 1001 13-81 12.17 17.00 

2 12.59 9.92 11.03 12.85 11.20 

3 ^312 13.29 13.86 13.61 10.55 

4 12.39 12.78 12.80 13.69 10.80 

5 10.70 10.95 12.84 11.47 II. 19 

6 10.10 9.88 10.12 ii.oi 

It is thus evident that if the organism has previously been well 
nourished, the fasting metabolism is remarkably even, about 
13 per Cent, of the total energy being derived from proteid and 
87 per Cent, from fat. 

* Voit, E: "Zeitschrift für Biologie," 1901, Bd. xli, p. 114. 

* Munk: "Arch. f. Path. Anat.," 1893, Bd. cxxxi, Suppl. p. 25. 
'Munk:/Wrf., p. 68. 

* Luciani: "Das Hungern," 1890. 

•Johansson, Landergren, Sonden and Tigerstedt: "Skandin. Archiv, für 
Physiol.," 1896, Bd. vii, p. 54. 

* E. and O. Freund: "Wiener klinische Rundschau," 1901, Bd. xv, p. 91. 
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During prolonged fasting the nitrogen output sinks much 
below the figures of the earlier days. Thus a woman twenty- 
four years old averaged 4.15 gm. from the thirteenth to the 
twenty-fifth day of fasting/ A girl nineteen years old whose 
Ösophagus had been occluded by drinking sulphuric acid excrcted 
2.8 grams of nitrogen on the sixteenth day of fasting.' An 
invalid of Tuczec's' averaged 4.25 grams of nitrogen between 
the fifteenth and twenty-first days. Under Luciani's Obser- 
vation, Succi excreted 4.08 grams on the twenty-ninth day, and 
under E. and O. Freund his nitrogen excretion was 2.82 grams 
on the twenty-first day. The latter authors say that ^fter this 
there was a sudden rise in the amount of nitrogen and chlorin 
in the urine, suggesting the so-called premortal rise, which caused 
them to stop the experiment. About 3 grams of nitrogen 
in the urine or a daily destruction of 18.75 grams of proteid 
would seem to be the lowest extreme of proteid metabolism in 
the emaciated organism after a prolonged fast. The analyses 
by E. and O. Freund of Succi's urine during a fast of twenty-one 
days is the most complete record of the sort. The daily nitrogen 
excretion is given in grams below: 



DAILY NITROGEN EXCRETION OF SUCCI IN STARVATION. 



Day 



N. Day. 



1 17.0 

2 II. 2 

3 IO-55 

4 10.8 

5 "-19 

6 ii.oi 

7 8-79 



N. 



8 

Q 
10 
II 
12 

13 
14 



Day. 



N. 



9-71;i5 505 

10.05 16 4.32 

712, 17 5.4 

6.23 18 3.6 

6.84 19 5.7 

51420 ^.^^ 

4.66 21 2.82 



The m* trogen and total sulphur ran together in the urine 
in the proportion of 17.3 N: i S. Munk found the relation 
s" to be 14.7 in Breithaupt, and 15. i in Cetti. The sulphur 

* Seegen: "Wiener Acad. Sitz. Ber.," Bd. xxxiii, 2 Abth. 
'Schultzen: "Virchow's Archiv," 1863, p. 31. 
•Tuczec: "Arch. für Psychiatrie, " Bd. xv, p. 764. 
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is believed to be derived exclusively from the breaking down of 
proteid. 

The ni trogen and total phosphoric acid (P,0,) in the urineare 
not found in the same relation as that in which they exist in meat 
(7.6: i), but there is a greater phosphoric acid excretion. This 
is also true of the calcium excretion. This greater excretion is 
due to the metabolism of the bones (Munk). E. and O. Freund 
found that the p^ feil from 5.7 on the first day of Succi's 
starvation to between 4.2 and 4.4 du ring the subsequent periods. 
Munk found this value to be 4.4 in Cetti during ten days and 
5.1 in Breithaupt during six days. 

A partial record of the work of E. and O. Freund on Succi 
is given below. Their analyses of the urine of the first, third, 
eleventh, and twenty-first days of starvation are in part repro- 
duced. 



COMPLETE URINARY ANALYSIS OF SUCCI ON FIRST, THIRD, 
ELEVENTH, AND TWENTY-FIRST STARVATION DAYS. 



Day of Fasting. 



ist. 



Amt. urine, c.c 1 1435 

Total N, grams 1 7.0 

Urea N, grams 1 14.8 



Uricacid N. 
Purin base N. 
Creatinin N.. 
Ammonia N.. 

Total S 

Total P,Og. . . . 

Gl 

Ca 

Mg 



0.29 
0.13 
0.134 

0.43 
3-2 
2.98 
14.9 
0.25 

0-33 



3d. 


iith. 


575 


378 


10-55 


6.32 


9.65 


564 


0.20 


0.075 


0.064 


0.042 


0.198 


0.372 


0.144 


• • • • 


1-3 


0.8 


2.52 


0.41 


2.56 


I-5I 


.... 


031 


■ • ■ • 


■ * • • 



aist. 



235 
2.82 

1.65 

0.046 

0.034 

0.025 

0.10 



0.64 
0.7 



Examination of the above will show that whereas in the 
earlier days of the experiment the relationship between urea 
nitrogen and total nitrogen is the normal of about 85 per cent., 
during the last days it has fallen to 54 per cent. The balance 
of the total nitrogen not enumerated above is made up of 
constituents of unknown character. The Freunds attribute 
great significance to this distribution of nitrogen in the urine, 
which was noteworthy between the sixteenth and the twenty- 
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first days. A similar ratio may exist in the urine of a man 
iinaccustomed to exercise who does hard work/ 

The relative ammonia excretion was apparently the same 
as normal. The purin bodies ran low. The chlorin ex- 
cretion almost vahished, so great is the retentive power of the 
body for its sodium chlorid constituents. Of pathological 
substances, the urine contained acetone, diacetic acid, urobilin, 
and dextrose. The dextrose was too small in amount to be 
quantitatively determined. 

A communication by Brugsch,' shows that the quantities 
of i3-oxybutyric acid and acetone in the urine become very great 
in extreme hunger. The experiment was also on Succi, 
between the twenty-third and the thirtieth days of starvation 
and showed the foUowing remarkable values : 

ACETONURIA IN STARVATION (SUCCI). 



Starvation Day. 



230. 
24th 
25th 
26th 
27th 
28th 
29th 
30th 



N IN Grams. 


0-OXYBUrVRIC 

.\ciD IN Graus. 


Acetone in 
Gramb. 


587 


9.24 


0.569 


6.41 
6.27 

6.18 
6.30 


8.43 
985 
5-28 

11.62 


0.410 
0.463 
0.569 

0525 


4-43 


6.99 


0-339 


4.19 
8.42 


9.15 
13.60 


0.242 
0.115 



The excretion of urea nitrogen ran between 54 and 70 per 
cent., and the ammonia nitrogen between 15.4 and 35.3 per 
Cent, of the total nitrogen in the urine. The high ammonia 
neutralized the very considerable acidosis. 

Albumin is also of frequent occurrence in the starvation 
urine of man and animals. 

It has already been set forth that the general metabolism is 
extremely even in fasting, and it may be added that existing 
evidence shows the intermediary metabolism has a similar 



* Jackson: " Archivcs italiennes de Biologie/' 1901, Tome xxxvi, p. 463. 
'Bnigsch: "Zeitschrift für ex. Pathologie und Therapie," 1905, Bd. i, p. 419. 
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character. Thus Stiles and Lusk* found in a fasting dog made 
diabetic with phlorhizin that whereas the quantity of nitrogen 
and sugar eliminated slowly feil, the relation between the two 
(the Dextrose : Nitrogen or D:N ratio) remained constant. 
This is shown in the foUowing table: 

CONSTANT RATIO BETWEEN DEXTROSE PRODUCTION AND 

N ELIMINATION IN STARVATION. 





Period. 


D 


PER HOÜR. 


15 hours 






2.61 

• « • 

2.39 
2.51 

• « • 

2.36 
2.32 


6 " 


' 


^ " . . . . 




• • • • 

12 " 




1 " . . . . 




. • . . 
6 " .... 




7 *' 





II '* 





D:N. 



0-735 ' 


3-50 


0.720 


• • * 


0.683 


• • • 


0.666 1 


3.60 


0.687 


365 


0.670 


• • • 


0.643 


3.66 


0.642 

1 


3.62 



The hour to hour sugar production from proteid is therefore 
even and constantly proportional to the proteid metabolism. 

Parker and Lusk' showed that if benzoic acid be admin- 
istered as lithium bcnzoate twice a day to a fasting rabbit the 
animal will combine it with the glycocoU of its metabolism in such 
quantity that the amount of the resulting hippuric acid bears a 
constant ratio to the total nitrogen elimination of the period. In 
other words, there is a constant production of glycocoU in the 
organism which is normally bumed, but which in this case is com- 
bined with benzoic acid and eliminated in the urine. The for- 
mula representing the formation of hippuric acid is as foUows: 

CeHaCOOH + NH,CH,COOH = QH^CO.NHCHjCOOH 4- H,0 
Benzoic Add. GlycocoII. Hippuric Acid. 

The results of the experiment indicate a production of 3.98 
grams of glycocoU from the metabolism of 100 grams of body 
proteid. The foUowing table begins with the fifth fasting day 
and the second of benzoate feeding, and is as foUows : 

1 Stiles and Lusk: "American Journal of Physiology," 1903, vol. x, p. 77. 
'Parker and Lusk: Ibid., 1900, vol. iii, p. 478. 
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CONSTANT RATIO BETWEEN GLYCOCOLL PRODUCTION AND 

N ELIMINATION IN STARVATION. 



5th day of fast 
6th " " " 
7th " " " 
8th " " " 
9th " " " 



N. 



0.990 
1.087 

0-775 
1.148 

0515 



HiPPüftic 
AciD. 



0.7060 
0.6340 
0.4944 
0.5760 
0.3252 



Ratio Hippukic Acid (ok 
Glycocoll) N: Total N. 



i: 18.0 
i: 21.6 
i: 19.8 

1:21.8 



The average ratio is i : 21.5. The glycocoll production 
seems therefore a normal and constant factor of the proteid 
metabolism. Horse's urine taken at random showed ratios of 
1 : 15 and i : 17 (see page 114). 

The length of life under the condition of starvation generally 
depends upon the quantity of fat present in the organism at the 
Start. The quantity of fat and proteid in an animal at the 
beginning of starvation or at any time during starvation may be 
estimated if the day-to-day metabolism be determined and if 
the whole animal be analyzed for fat and proteid at the timeof 
death. The sum of the quantities remaining in the body, and 
the quantity of waste of previous days, will give the composition 
of the animal at any definite date during the experiment. E. 
Voit* shows that a rabbit with an original fat content of 7 per 
Cent, lived nineteen days and lost 49 per cent. of his body pro- 
teid. Another rabbit with an original fat content of only 2.3 per 
cent. lived but nine days while the loss of body proteid amounted 
to 35 per cent. At the death of these rabbits the amount of fat 
found was very small, and the general vitality toward the end 
was almost exclusively maintained by the combustion of proteid. 
Other animals, however, which lost 22 to 26 per cent. of their 
proteid contained considerable fat at the time of death. E. Voit 
finds that the greater the amount of fat in the body, the less the 
proteid metabolism. In animals of equal fat content the 
relation between the amount of fat and the amount of proteid 
bumed in the cells in starvation is always the same. When 



* E.Voit: "Zeitschrift für Biologie " 1901, Bd. xli, p. 545. 
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there is no fat, proteid may bum exclusively. From this it 
follows that the quantity oj the proteid metabolism in starvation 
depends upon the amount oj jat in the body. 

E. Voit' has prepared the following table from an experiment 

of Schöndorff ' upon a fasting dog. The quotient ^ *^^*"' 



content 



gives the ratio between these two components of the organism 

at the time specified. The ratio Enc^totJ gives the per- 
centage of the total energy dcrived from the proteid metabo- 
lism. The dog died on the thirty-eighth day of his fast. 



PROTEID METABOLISM IN STARVATION AS INFLUENCED 
BY THE FAT CONTENT OF THE ANIMAL. 



Starvation 
Day. 



ist lo 3iL . 
4th to i,?lh. 
I4th to 151h 
i6th to 2 7^d. 
24th to 30th 
3 ist to 351h 

S6th 

37th 

381h 



Weicht in 
Kg. 



22.4 
20.7 
IQ.7 
18.7 
17.4 
16.2 

15-7 
15.5 



I 



5-^ 



N Content j ^-^SJ^^ 



■Fat Content. 



O-25 
0.29 

0-34 
0.40 

0-57 
0.87 

1.19 

1-34 

1-51 



IN Grams. 



701 

5.38 

570 

5-7' 
5.Q2 

6.62 

7.41 

8.41 

8.89 



Energy per 
S9. Meter 

SfRFACE. 



1040 
074 
059 
Q44 
giQ 

901 
889 
887 
881 



EWERCY X 

Energy Total. 
Reduced to 4. 



26.5 
16.2 
18.1 
19.1 
21.3 
25 -6 

29-5 
36.6 



E. Voit finds that the amount of proteid metabolism depends 
so absolutely upon the relation between the amount of fat and 

proteid in the body (the pat^^^) that, knowing this 
ratio, he says he can estimate the relative proteid metabolism. 
\\Ticn the ratio rises to 4.84 in the rabbit, then 98.3 per cent. of 
the total energy may be derived from proteid. Had fat still been 
present in any quantity the proteid metabolism would have 
remained low. This is the law which causes the gradual 
rise.in the proteid metabolism during starvation, the "pre- 
mortal rise," it has been termed. The increased combustion 
of the proteid is due to the requirement for energy in an organ- 

* E. Voit: Loc. cit., p. 520. 

' Schöndorfif: "Pflügcr's Archiv," 1897, Bd. bcvii, p. 43a 
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ism which has a constantly decreasing amount of fat upon which 
to draw. 

The actual loss of body weight is greater when proteid is the 
source of energy than when the energy is derived from fat. The 
reason for this is that if one gram of nitrogen is lost there is a 
diminution of body weight of 33 grams, which represents just so 
much tissue waste and an energy yield of 0.8 calories per gram 
of "flesh" lost, while the combustion of one gram of fat simply 
causes the loss of one gram in body weight with an energy 
yield of 9.3 calories. To obtain equivalent amounts of energy 
there must therefore be a destruction of eleven and a half times 
more "flesh" by weight, than when fat is oxidized. 

What is the cause of death from starvation? It does not 
seem to be due to an essential change in the composition of the 
cells themselves, for no chemical alteration has been detected 
in them.* What, then, is the cause of death ? The general 
argument of E. Voit is as foUows: It must be due either 
to a general failure of all the cells or injury of certain organs 
which are necessary for life. If the first cause were the 
true cause, then death would take place when a certain dcfinite 
percentage of proteid loss occurred. This does not happen, 
since the body loss at the time of death may vary between 20 
and 50 per cent. of its original content proteid. When the genital 
Organs of the salmon develop at the expense of the liquefying 
muscle substance brought them by the blood, not a single muscle 
cell of the fish is killed,even though these lose 55 per cent. of their 
proteid in the process (Miescher). It seems extremely improb- 
able, then, that a much smaller loss of proteid in starvation can be 
the cause of general cellular death. On the other hand, if 
death be due to the failure of certain organs, especially important 
to life, the cause is to be found in two factors. Either these 
organs receive too little nutrition for their proper functioning, 
or they become so emaciated that they fail in spite of sufficient 

* Abderhalden, Beigell, and Doerpinghaus: "Zeitschrift für physiologische 
Chemie/' 1904, Bd. li, p. 153. 
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nutriment. Either the machine wears out or the fuel is insuffi- 
cient for it. 

The foUowing table gives some answer to this. The general 
arrangement is in the order of the greater original fat content of 
theanimals: 

INFLUENCE OF FAT CONTENT ON PROTEID METABOLISM AND 
ON LENGTH OF LIFE IN STARVATION. 



Animal. 


First 

Weicht, 

Ko. 


Fat in Jt. 


Loss IN )(. 


Da TS BE- 

pokeDeath 




Start. 


End. 


Animal. 


BodyN. 


ntoM Stak- 
vation. 




Dog 

Fowl 

Guinea-pig . 

Dog 

Fowl 

Rabbit 

Rabbit 

Rabbit 

Fowl 

Rabbit 

Rabbit 


20.64 

1.95 
0.67 

2305 
1.00 

I-5I 
2.53 
2.34 
i.8q 
2.08 

2.99 


19 
26 

16 

II 

9.1 

71 
6.3 
6.3 
2.7 
2.3 
2.3 


12 

5 

10 

1.7 
0.7 

0.4 

05 

05 

0.7 
0.4 

03 


28 
42 

38 
34 
39 
49 
44 
41 
34 
35 
32 


22 
26 
26 

35 
37 
49 
49 
45 
41 
38 
35 


30 

35 
10 

38 

12 

19 

19 

19 

9 
8 

9 


Falk. 

Schmanski. 

Rubner. 

Schöndorflf. 

Kuckein. 

Rubner. 

Koll. 

Rubner. 

Kuckein. 

Kaufman. 

Rubner. 



In the first three animals a large amount of fat was present 
at the time of death, and this had prevented a great tissue 
waste. Abundant food was therefore available for the cells. 
The cause of death seems, therefore, to be in a reduction of 
activity in one or more organs important for life. 

Again, if the proteid loss be kept down by administering pro- 
teid in quantity insufficient for the heating demands of the organ- 
ism, the animal is kept living largely on his own fat. Schultz* in 
this way kept two dogs alivefor twenty-eight and thirty-eight days, 
withlossesof bodynitrogenamountingtoonly i8and 7 percent. of 
the original quantity. The fat present was only 0.4 to 0.5 per 
Cent, at the end. These dogs certainly suffered from no general 
loss of cell tissue. E. Voit concludcs fhal death from starvation 
is primarily due to loss 0} substance in organs important to life, 
but it may also ensue utider certain circumstances as a result of 
deficient nutrition to these organs, 

* Schultz: "Pflüger's Archiv," 1899, Bd. Ixxvi, p. 379. 
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The question of what organs are attacked in starvation, has 
attracted attention. Long ago Voit* showed that the muscles 
of a cat which starved thirteen days lost 30 per cent., while heart, 
brain, and cord lost 3 per cent. only. In normally nourished 
animals E. Voit finds that the relative weights of the fat-free 
Organs in animals of the same species are very constant. He' 
uses Kumagawa's' results to show what percentage the different 
Organs represent in the fat-free organism of a dog before and 
after a twenty-four day fast. The third column represents the 
percentage loss of the fat-free organ in starvation: 

LOSS IN WEICHT OF DIFFERENT ORGANS DURING STARVATION. 



Okcan. 



Skcleton 

Skin 

Muscles 

Brain and Cord 

Eyes 

Hcart 

Blood 

Spleen 

Livcr 

Pancreas 

Kidney 

Genitals 

Stomach and intestine 
Lungs 



Fat-fsee Animal Contains in 
Pekcentags or Weicht. 



WeU NourijOied. 



14.78 
10.30 

53-77 
0.94 

O.II 

0.54 
7.14 

0.39 

398 

0-33 
0.66 

0.30 

S.81 
0.89 



StATvatioo. 



21.50 
11.29 

48.39 
l.li 

0.16 

0.69 

569 
0.26 

305 
0.19 

0.45 
0.23 

6.02 

0.97 



Fresh Fat- PRES 
Organ Loses in 
Percentage 
Weicht durino 
A 34 Davs' Fast. 



5 
28 

42 
22 

3 
16 

48 

57 

50 
62 

55 
49 
32 
29 



It is apparent that the greatest loss is from the glands and the 
least from the skeleton. The activity of the glands is greatly 
reduced in starvation. Luciani found that there was no gastric 
Juice formed during Succi's thirty-day fast, but Langley and 
Edkins find pepsinogen stored within the cells of the gastric 
glands. The bile flow continues up to the death of the person, 

» Voit: ''Zeitschrift für Biologie," 1866, Bd. ii, p. 355. 

* E. Voit: Ibid.f 1904, Bd. xlvi, p. 195. 

* Kumagawa: " Aus den Mittheil. d. med. Fakultät der kais. Japan. Univ.,'* 
Tokio, Bd. üi, No. i. 
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but in diminished quantity, corresponding to the lack of food 
and the decreasing size of the liver. The writer* has noticed a 
great reduction in the activity of the milk secretion in stan'ing 
goats, there being a permanent cessation of flow after five days. 
The percentage of fat increases in the milk, as it does in the 
blood, liver, and other organs.' The fasting organs attract fat 
from the fat deposits of the body and it is brought to them by 
the circulating blood. Dextrose is present in the blood up to 
the last day of life, having its probable origin in a constant 
production of sugar in proteid metabolism. The composition 
of the plasma of the blood in fasting as regards its proteid con- 
stituents varies very slightly from the normal. Lewinski* 
gives the following comparative analyses of blood-plasma of 
dogs: 

loo CG. BLOOD-PLASMA CONTAIN OF GRAMS N: 



Dog I . . 
Dog IL. 

Dog III. 
Dog IV. 




■ { 



Fasting. 
Fed ... 

Fasting. 
Fed.... 



{ 



Fasting. 
Fed.... 
Fasting. 

Fasting. 
Fed.... 



O.Q35 
0.831 

0.Q2I 
1.062 

I.OIO 
0.977 

i.oq6 

1.052 
0.877 



Albumin. 


Globulin. 


FiBKINOGEN. 


0.621 
0.511 


0.257 
0.240 


0.057 
0.080 


0.313 
0.515 


0.544 
0.423 


0.064 
0.124 


0.467 

0.475 
0.554 


0.450 
0.402 

0.443 


O.OQ3 
O.IOO 

0.099 


0.536 
0.542 


0.324 
0.248 


0.192 
0.087 



The only constant changc seems to be a slight increase of 
globulin during fasting. Burckhardt believes this to be due to 
the passage of globulins from the tissues to the blood. Thus 
myosinogen, the principal proteid of muscle, may pass to the 
blood, possibly to bccome serum globulin and maintain the 
normal proteid content of the nourishing fluid of the body. The 
percentage of hemoglobin and the number of blood-corpuscles 
is not appreciably affected. It is evident then that the blood in 

* Lusk: Voit's Festschrift, "Zeitschrift für Biologie," 1901, Bd. xlii, p. 41. 

* Rosenfeld: " Ergebnisse der Physiologie," 1903, Bd. ii, i, p. 50. 
' Lewinski: "Pflüger's Archiv," 1903, Bd. c, p. 631. 
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starvation retains the normal composition as rcgards its nutrient 
materials, except that it carries fat in increased quantity to 
the cells. In general the cells are well nourished for the 
ordinary maintenance of the life functions. Hence the appetite 
is not an expression of general cellular hunger, but rather the 
result of a local condition of the gastro-intestinal canal, which 
stimulates the individual to constant replenishment. 

The glycogen of an animal is greatly reduccd during star- 
vation, but after twenty days it is not entirely removed.* Praus- 
nitz' reports that a dog weighing 22 kilograms, after fasting for 
twelve days and after excreting 287 grams of sugar in the urine 
brought about by phlorhizin injections, still containcd 25 grams 
of glycogen in his body. The A^Titer' has found 0.4 gram of 
glycogen in the liver of a meat-fed phlorhizinized dog after 
eleven days of diabetes and an excretion of over 600 grams of 
sugar. Exercise will greatly reduce the glycogen content, but 
the only method of completely freeing the organism of glycogen 
is by tetanus.* Zuntz* rid a rabbit of glycogen by strychnin 
convulsions and then kept the rabbit fasting and under the 
influence of chloral for 119 hours. During this time 5.25 
grams of sugar were excreted in the urine and yet 1.286 grams of 
glycogen were found in the liver and muscles. This must have 
gradually arisen from the proteid metabolism. The writer" 
made an Observation that in a fasting diabetic rabbit tetanus 
produced an extra elimination of sugar in the urine of i.i grams, 
which undoubtedly was derived from the glycogen content of the 
organism. The quantity eliminated corresponded to the 
amount found as glycogen by Zuntz as above mentioned. 

There now remains a discussion of the influence of work and 
of change in temperature upon the fasting organism. 

' Külz: Ludwig's Festschrift, 1891, p. 117. 

' Prausnitz: "Zeitschrift für Biologie," 1892, Bd. xxix, p. 168. 

* Reilly, Nolan and Lusk: "American Jour. of Physiol.," 1898, vol. i, p. 397. 

* Külz: Ludwig's Festschrift, 1891, p. 119. 

• Zuntz: Verhandl. der physiol. Ges. zu Berlin, " Arch. für Physiol." 1893, 

P- 378. 

• Lusk: " Zeitschrift für Biologie," 1898, Bd. xxxvi, p. 1 1 1. 
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Frentzel * has shown the eff ect of extemal work upon the 
proteid metabolism of fasting dogs. One of the dogs did an 
amount of work coiTesix)nding to 216,937 kilogrammeters in 
three days. The proteid metabolism rose during the work- 
ing hours and continued high on the fourth day which was one 
of complete rest (possibly the premortal rise had set in). Frent- 
zel computes that the nitrogen elimination of these four days 
(=20.7 grams) represents an energy equivalent of 220,300 kilo- 
grammeters. This could not cover the work done by the dog 
if we add to the measured work that which was done by the 
heart and respiratory muscles. The proteid metabolism of four 
days is therefore entirely insufficient to cover the work done 
during three. The source of the energy for the work accom- 
plished must therefore be found in an increased metabolism of 
fat. The increase in proteid metabolism above that of rest 
was not sufficient to supply 7 per cent. of the energy needed to do 
the work. The record of the dog's nitrogen metabolism is as 
follows: 



INFLUENCE OF WORK ON THE N METABOLISM OF FASTING 

DOGS. 



Day. 



Work or Rest. 



1 st to 4th 

5th 

6ih 

7th 

8th 



9th 

loth 

iith 
i2th 



Rest. 
Rest. 
Rest. 
Rest. 
Rest. 

Work. 

Work. 

Work. 
Rest. 









Graus or 


Food. 


— 








Per Day. 


IOC 


g- 


lard. 




100 


g- 


K 


313 


IOC 


g- 


<< 


3.52 


Fasi 


tin 


g- 


371 








3-99 








4.97 








5.02 








5.63 








5.08 



♦Work. 



tRest. 



Per Hour. 



0.1304 
0.1467 
0.1546 
0.1663 
♦0.3680 
to.1837 

♦0.2750 
to.1960 

♦0.2400 

to.2335 

0.2117 



Succi did not show a similar rise of proteid metabolism 

' Frentzel: "Pflüger's Archiv," 1897, Bd. Ixviii, p. 212. 
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from the effect of work. The eleventh day of his fast he spent 
in bed. On the twelfth day he rode a horse for an hour and 
forty minutes, raced for eight minutes with some students, and 
gave an exhibition of fencing in the evening. During the day 
he walked 19,900 steps. The urinary ni trogen on the eleventh 
day (rest) was 7.88 g.; on the twelfth (work), 7.162; and on 
the days following 3.50, 5.33, 5.14, 5.05. The work done was 
evidently at the expense of increased metabolism of fat. That 
this is the case had already been demonstrated by Pettenkofer 
and Voit/ A fasting man at work showed no increase in his 
proteid metabolism, but the quantity of fat bumed rose enor- 
mously. This is shown by the following comparison of the 
number of grams of fat bumed: 

Day. Nicbt. 

Rest 116 g. 94 g- 

Work 312 g. 70 g. 

The increase of fat metabolism during the day is two-and-a- 
half-fold and is presumably the source of the energy for the 
mcchanical work accomplished. During the night following 
the working day the reduction of fat combustion as compared 
with the night before is due to more profound sleep. 

Another phase of the effect of work is shown in the Variation 
between the day and m'ght metabolism of Tigerstedt's fasting 
medical Student, J. A. The average carbon dioxid excretion in 
grams for two-hour periods during five days of fasting was as 
foUows. The figures showing the elimination during the hours 
of sleep are printed in black letters. 

A.M. P.M. 

Time 10-12 12-2 2-4 4-6 6-8 8-10 10-12 

Carbon dioxid (grams).. 54.8 57.2 54.1 57.8 59.5 66.4 46.5 

A.M. 

Time 12-2 2-4 4-6 6-8 

Carbon dioxid (grams) 37-5 SQ-i 40.7 68.6 

'Pettenkofer and Voit: "Zeitschrift für Biologie," 1866, Bd. iii, p. 4595 
C. Voit: Ibid., Bd. xiv, 1878, p. 144. 
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The nitrogen of the urine was also less during sleep than 
during the waking hours: 



Fastinc Day- 



ist. 
2d. 

3d. 
4th. 

5th. 



N Ol THE UUNE. 




7.II 
6.87 
6.83 
7.91 
6.36 



Kigfat (10 p. M. 

tO 10 A. M.) 



4.93 

5-85 
6.65 

4.98 



Johansson^ finds that the inequality of night and day metab- 
olism depends on muscular work. Sitting up raises the 
metabolism, and standing does so still more. Even when 
one lies in bed, restlessness during the day may increase the 
metabolism. And when perfect muscular relaxation ensues 
there may still be influences, such as light on the retina or sounds, 
which may act reflexly on the organism and slightly increase 
the metabolism. Johansson illustrates these variations in the 
following comparisons between night and day excretion of 
carbon dioxid of starving men, the night CO, being figured at 100. 



Completc muscular rest 

Ordinary rest in bcd 

Ordinary life (no hard work) . . 



Night COf. 



(< 



« 



€1 



« 



« 



t( 



«< 



U 



«< 



«I 



100 
100 
100 
100 
100 



Day COf 



AUTHOft. 



HO 

142 
128 

147 



Johansson. 
Johansson. 
Tigerstedt. 
Pettenkofer and Voit. 
Tigerstedt. 



Johansson agrees with Tigerstedt that the minimum metab- 
olism of a man in bed is represented by 24 to 25 calories per 
kilogram daily. 

The temperature of the fasting organism is usually normal. 
Luciani found a normal temperature in Succi during his thirty- 
day fast. The temperature falls only a few days before death. 
Sonden and Tigerstedt^ find that the diumal variations per- 

* Johansson: "Skandinav. Archiv für Physiologie," 1898, Bd. vüi, p. 10^ 
'Sonden and Tigerstedt: Ibid., 1895, Bd. vi, p. 136. 
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sist during fasting in their ordinary rhythm. The averagc 
temperature of the medical Student J. A. during his five-day 
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Fi«, t. — Curve of carbon dioxid 
cum of Donna] diurnal lemperature 
Kfe and partook of his usual nourUhment. 



fast was but 0.16° below his normal temperature when food was 
allowed him. These diumal valations are exactly concomitant 
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with tbe fluctuations of carbon dioxid excretion noted on a 
previous page. Wben tbe carbon dioxid producüon iacreases, 
the temperature rises. 

This parallelism may be easily shown by comparing the two 
factors in the prcceding chart as given by Sonden and Tiger- 
stcdt.' Furthermore, the diumal variations tend to disappear if 
the person be kept in a State of muscular rest, and the day and 
night metabolisms remain the same. In this State the tempera- 
ture may fall 0.6" below the normal on account of the absence of 
muBcle movement. This regularityof temperature and metabo- 
lism is beautifully shovi-n in the following chart of Johansson:' 
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' Sonden and Tigersledt: Loc ti 
' Johansson: Loc. eil., p. 141. 
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Inversion of the normal routine o£ life, so that one sleeps in 
the daytime and is awake and active at night, brings about an 
inversion of curve of body temperature. This is well shown 
in the monkey.' 

* Goldbraith and Simpson: Proceedings of the Physiological Society, ''J^^^ 
nal of Physiology," 1903, vol. xxxüi, p. xx. 



CHAPTER IV. 

THE REGULATION OF TEBSPERATURE. 

It has been seen that the temperature of a warm-blooded 
animal is maintained at the normal throughout a fast. Not 
only this, but it is maintained at the same level, even though tbe 
temperature of the outside environment vary from o" and lower 
to 30° to 35°. In cold-blooded animals the temperature of the 
body is only slightly higher than that of their environment at 
the time. The metaboHsm of such animals varies with the 
temperature. The frt^ in the mud during the winter at a 
temperature of 4° C. has quite a different metabolism from that 
which he enjoys during the summer sunshine as he sits on the 
river-bank or snaps at passing flies. The curve of his carbon 
dioxid climination at various temperatures has been made by 
E. Voit from the analyses of H. Schultze, and is given below: 
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A sudden rise in the frt^'s metabolism commencesatabout 30°. 
A temperature of 20° corresponds to that of the bear and marmot 
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during their winter's hibemation, and is a level of compara- 
tively low metabolism. This reduction in activity is exem- 
plified by the fact that a cat whose temperature has becn 
artificially reduced to 19° may have but one heart-beat per 
minute.' 

E. Voit* has drawn attention to the fact that the above curve 
of increasing metabolism with increasing temperature corres- 
ponds to the increasing ability of the f rog's muscle to contract, 
and to the increasing efifectiveness of enzymotic activity. A 
warm temperature is necessary for the irritability and activity of 
protoplasm. The warmth of the sunshine increases the irri- 
tability of the protoplasm of the tree in the spring, with the 
resulting development of the foliage. Heat is not the cause of 
the metabolism, but only one of the conditions for it. In warm- 
blooded animals the temperature is maintained at a constant 
level independent of climatic conditions, and this level is a favor- 
able one for the activity of nerve and muscle. It would indeed 
be inconvenient were the active life of a man dependent upon 
the temperature of his environment. The essential mechanism 
for the regulation of the body temperature is through the nerves. 
The action of cold on the skin may stimulate its peripheral 
nerve-endings which are sensitive to cold, and reflexly effect in 
the organism a greater heat production, and a vaso-constriction of 
peripheral blood- vessels : the action of heat, on the contrary , effects 
vasodilatation and production of sweat. It is believed that the 
cold-blooded progenitors of warm-blooded animals changed 
their habitat from the sea to the land at a tropical temperature 
which is at present possessed by their descendants. In the 
course of development these animals acquired the power to 
maintain that ancestral temperature, which proved favorable 
for the activity of their body substance. The nervous mechan- 
ism through which this is accomplished is twofold : First, there 
is an increased production of heat in the presence of extemal 

* Simpson and Herring: "Journal of Physiology," 1905, vol. xxxii, p. 305. 
'E. Voit: "Sitzungsber. der Ges. für Morph, und PhysioL," 1896, 
Heft ni. 
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cold (the chemical regulation oj temperature)^ and, second, ihere 
is a Variation of the distribution of blood on the surface of 
the body in order to modify heat loss and there may be an in- 
creased evaporation of water from the body (production of 
sweat) to serve the same puq^ose (these are the factors of 
the physical regulation oj temperaiure), The great importance 
of these two Controlling influences will be seen as the subject 
dcvelops. 

If the body were a mass of cells having the shape of a ball 
with a constant heat production in its center, it would be easy 
to calculate its temperature in the difFerent zones of the interior. 
The loss of heat from the surface would obviously be equal to 
the heat production, if the temperature of the ball continued 
constant. 

If two balls of the same material, but of unequal size, were 
equally warmed, the smaller would cool more quickly than the 
largcr on account of the relatively greater exposed surface from 
which heat could be discharged. The heat elimination would 
be proportional to the surface exposed. 

To determine the surface of geometrically similar solids, 
and hcnce of animals of similar shapes, the foUowing formula 
was used by Meeh* in which S = surface and V = volume: 

_s_ _ sf V 



VI -V' 



Since animals contain the same materiak, one may Sub- 
stitute W=weight forV. 

Then the value -f~- may bc empirically determined for 

each shape or animal, and this value = k. Hence the formula 
would read : 



s — 

—^-. = k or S = k#'\v« 



The value of k or the constant in the relationship of weight 
to surface in each animal has been given by Rubner as foUows: 

' Meeh: "Zeitschrift für Biologie," 1879, Bd. xv, p. 425. 
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Man 12.3 

Dog II. 2-10.3 

Rabbit 12.9-12.0 

Rabbit (without ears) 10.8 

Calf 10.5 

Sheep 12. X 

Cat 9.9 

Pig 8.7 

Guinea-pig 8.5 

Fowl 10.4 

Rat 9.1 

White mouse 1 1.4 

The use of the above formula rendered possible the calcu- 
lation of the heat elimination per unit of arca in fasting animals 
during rest. When these have been previously well fed, there 
is a surprising unifonnity of result. It is Rubner's law that the 
metabolism is proportional to the superficial area of an anlmal. 
In other words, the metabolism depends on the amount of heat 
loss at the surface, and its Variation in accordance with this law 
is necessary for the maintenance of a constant temperature. 

Erwin Voit* has calculated the foUowing general table 
showing the heat production in resting animals of various sizes 
at medium temperatures of the environment : 



Weight in K«. 

Horse 441 

Pig 128 

Man 64.3 

Dog 15.2 

Rabbit 2.3 

Goose 3.5 

Fowl 2.0 

Mouse ' 0.018 

Rabbit' (without ears) . . 2.3 

The universality of this law of Rubner's is remarkable. 
Even at a room temperature of 30° where all thermal influenae 
is removed, twoguinea-pigs of different sizes will produce heat in 
Proportion to their surface. In this case there is a minimum of 
heat production determined for the resting organism according 
to the law of superficial area. 

> E. Voit: "Zeitschrift für Biologie," 1901, Bd. xli, p. 120. 
*Rubner: "Energiegesetze," 1902, p. 282. 
6 



Calorues Produceo. 


PerKüo. 


Per Sq. M. Surface. 


"•3 
19.1 


948 
1078 


32.1 


1042 


751 
66.7 


1039 
776 
969 


71.0 
212.0 


943 
1188 


75.1 


917 
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When this discovery was first made, the interpretation was 
oflFered that the metabolism in the different animab was in 
Proportion to the skin area, because of the specific sensory 
influences of cold proceeding from a definite surface (chemical 
regulation). This explanation feil when Rubner discovered 
that at a temperature of 30°, under which condition all thermal 
Stimulus to the organism ceased, two guinea-pigs of different 
sizes still produced heat in proportion to their skin areas. A 
similar fact was noted by Frank and Voit' who found that the 
administration of curare, which paralyzes the voluntary muscles, 
scarcely affcctcd the carbon dioxid Output of a dog as compared 
with what was eliminated during ordinary muscular rest, pro- 
vided the temperature of the animal was maintained at the 
normal by keeping him in a warmed Chamber. The mass of 
living cells preserv^ed the same metabolism as before, even 
though a pathway of heat increase had been cut off through 
paralysis by curare of the motor nerve-endings in the muscles. 
Keeping the animal in a warmed Chamber was necessary in this 
case, for Röhrig and Zuntz' had shown that curarized animals 
at the ordinary room temperature lost the power of maintaining 
their body temperature and that their metabolism decreased 
accordingly. The removal of the chemical regulation caused 
a behavior toward extemal temperature similar to that in cold- 
blooded animals. 

Although the effect of cold on the skin (inducing chemical 
regulation) was of itself demonstrably insufficient to account 
for the **law of skin arca," Rubner' argues that even at 30° C, 
when the body is losing heat by means of the dilatation of the 
blood-vessels and the evaporation of water (physical regulation), 
the law is still a necessity if the general mechanism for loss of 
heat in the various animals is the same in all. An infant pro- 
duces 90 calories per kilogram in twenty-four hours, an adult 
32 calories. Were the metabolism of an adult 90 calories per 

* Frank and Voit: "Zeitschrift für Biologie," 1901, Bd. xlii, p. 309. 

* Röhrig and Zuntz: "Pflügcr's Archiv," 1871, Bd. iv, p. 57. 
' Rubner: "Energiegesetze," 1902, p. 174. 
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kilogram, the means of heat elimination through bis compara- 
tively smaller surface would have to be materially modifiied 
if a normal temperature were to be maintained with comfort. 

The organism therefore preserves the tropical temperature 
of its cells at the expense of a metabolism which is proportional 
to the skin area of the individual. 

The loss of heat by an organism is by the following paths: 

1. Conduction and radiation. 

2. Evaporation of water from lungs and skin. 

3. Warming the food ingested. 

4. Warming the inspired air (conduction). 

The great outlets for heat loss are by conduction and radia- 
tion (of which in the dog 97.3 per cent. takes place through the 
skin and 2.7 per cent. through the lungs ') and through the 
evaporation of water. The losses through warming the food, 
and through heat of Solution of urinary constituents, through 
the feces and the warming of expired carbon dioxid may be 
ordinarily disregarded. 

The pathway for the loss of heat varies with the temperature 
of the environment. At a low temperature there is little evapo- 
ration of water, and at a temperature of 37° there can be no heat 
loss by radiation and conduction (except by a rise in body 
temperature) and water evaporation removes the whole of it. 
In the dog at a high temperature there is distention of the limbs 
to promote heat loss by radiation and conduction, and rapid 
brcathing (polypnea) with extension 6i the hyperemic tongue 
to promote evaporation of water. In the horse and in man 
there is especially an outbreak of sweat, which is not possible 
in the dog as its skin does not secrcte sweat. 

It has been seen that Lavoisier noticed that cold increased 
the metabolism. This has been abundantly confirmed. The 
simplest illustration of this action is to be found in fasting ani- 
mals. Rubner has called this increase of combustion, and there- 
fore of heat production, the chemical regulation of the body 
temperature. It is the same as buming more coal in the fur- 

' Rubner: " Energiegesetze/' 1902, p. 187. 
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nace on a cold day in order to maintain the temperature of the 
house. Voit had previously demonstrated this action in the 
case of a man (see below). 

Rubner placed a fasting guinea-pig in a bell-jar which was 
ventilated so that the carbon dioxid production could be deter- 
mined. The temperature of the bell-jar could be changed by 
immersing it in water. The foUowing were the results : 

ACTION OF CHEMICAL REGULATION IN THE GUINEA-PIG. 



Tkmp. of Air. 



0.0° 
11.1° 
20.8° 

25.7° 

303° 

34.9° 
40.0° 



Temp. of Animal. 



370 

37-2 

37-4 

37-0 

37-7 
38.2 

39-5 



Graics of CO9 IN 
X Hr. per Ko. 

Animal. 



2.905 
2. 151 
1.766 
1.540 

1-317 
1-273 

1.454 



Percentage Changb 

OF COi FOR EaCH X* 

C. RisE IN Teuf, of 
Air. 



} 
} 



—2.33 
—1.84 

—2.67 

-0.71 
-H2.82 



It is evident from the table that there was a constant de- 
crease in the metabohsm as the air was warmed from cP to 35® 
C. The metabolism at o® was two and a half times that at 30®, 
an increase as pronounced as is incurred as the result of severe 
muscular work. The animal at 0° was not observed to move 
around any more than he did at 30°. Other experiments con- 
firmed Rubner in the view that the criiical temperature^ or the 
temperature of the minimum metabohsm, lay at 33°. At this 
point temperature had the least influenae on total metabolism. 
When the temperature is raised from 30° there is at first no 
increase in the metabolism. This is due to the action of the 
apparatus for the physical regulation of body temperature. 
Accompanying a rising temperature the blood-vessels of the skin 
become dilated and the evaporation of water from the body is 
promoted. These factors tend to maintain the normal tempera- 
ture of the organism by physical means. If the temperature of 
the air be high, so that the physical regulation be not sufficient 
to cool the body, then a hypemormal temperature ensues. Such 
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a febrile temperature raises the mctabolism by wanning tbe 
ceUs, as was seen in the table o£ the experiment in which 
the guinea-pig was exposcd to a temperature of 40°. The ränge 
of the physical regulation — that is, the period during which 
externa! temperature cbange does not alter metabolism — de- 
pends, according to Rubner, on the natural Protections which 
an animal [>ossesses which insure him against heat loss. These 
are two in number — the hairy covering, and the thickness of the 
layer of subcutaneous fat. 

Rubner has shown that the hair of the black cat, black lamb, 
rabbit, skunk, raccoon, mink, musk-decr, and sheep is of itself 
relatively hght in weight, but that the für contains a very large 
quantity of air. The whole of the für covering of these animals 
consists of betwcen 97.3 and 98.8 per cent. of air. The für 
therefore really consists of air with between 1.2 and 2.7 per cent. 
of hair. The slight conductivity of the für is principally de- 
pendent on this layer of stationary air. If an animal be covered 
with a für containing this stagnant air, he will be better protected 
from loss of heat than if he had none, and also less susceptible 
to the influence of cold upon the surfacc of his skin. This pro- 
tective covering therefore extends the ränge of the physical 
regulation. 

Rubner' gives the following experiment showing the in- 
fluence of temperature on a small fasting dog with long hair : 



ACnON OF CHEMICAL REGULATION IN THE DOG 
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' Rubner: "Die Ooetze dca Eoerpeverbraucha," 190», p. 105. 
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One Observation was made in this experiment on the dog 
which was not possible in the case of the guinea-pig, and that 
concemed the nitrogen excretion. The nitrogen excretion for 
twenty-four hours is not increased by exposing the dog to a tem- 
perature of 7.6°. The increased metabolism is entirely at the 
expense of fat. We have seen that this may also be true of 
work which may be accomplished at the expense of fat without 
raising the proteid metabolism. 

Reduced to terms of calories produced per kilogram of dog, 
the foUowing results are obtained : 



Tempesatukb. Calories pee Kilo. 

7.60 86.4 

15.0** 63.0 

20.0° 55.9 

25.0° 54.2 

30.0° 56.2 

350° 68.5 



A temperature of 20° was readily bome by this dog without 
any increase of his metabolism. The period of no chemical 
change extended over at least ten degrees between 20° and 
30®, during which time the physical regulation alone sufficed 
to maintain evenly the body's temperature. At 35° a decided 
increase of heat production set in, on account of the warming 
of the cells through insufficient heat loss. That the ränge of 
the physical regulation of the temperature of this small dog was 
due to his long hair is shown by the change in his metabolism 
after shaving him. Rubner shows this in the following 
table : 



Te wpir s ATnv f 


Calories per Kilo. 




Normal Co»t of Hair. 


Shavfd. 


20° 


55-9 
54.2 
56.2 


82.3 . 


2«;° 


* j •**• 

^0** 


52.0 


^ 
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It is clearly seen that this dog lost his power of physical 
regulation between 20° and 30° as soon as he lost his covering 
of hair. His metabolism became like that of the guinea-pig, 
increasing with a reduction of temperature from 30® downward, 
an illustration of chemical regulation. 

E. Voit* shows that the metabolism of a pigeon may be 
doubled after removing his feathers. 

Babak* finds that if rabbits are shaved and vamished with 
starch paste their metabolism rises 140 per cent., which in- 
crease maintains their body temperature at the normal for 
several weeks, although the room temperature be between 15® 
and 20°. 

To determine the influence of the second factor, that of the 
protecting layer of fat, Rubner* investigated the influence of 
temperature on the metabolism of a fasting short-haired dog, 
at a time when he was emaciated, and compared it with the fast- 
ing metabolism after the same dog had been fattened. The 
results were as follows: 



Doc (TraN). 



Temperature. 



5.1^ 
14.4« 

233' 
30.6^ 



Cal. perKüo. 
..-I21.3 
. . . 100.9 
... 70.7 
. . . 62.0 



Same Dog (Fat). 
Temperature. Cal. per Kilo. 

7-3° 120.5 

15-5° - 830 

22.0° 67.0 



310 



64.5 



It appears from the above that the metabohsm of the dog 
was the same at a low temperature in both cases, but that the 
minimum metabolism was almost reached at a temperature of 
22° in the dog when he had a protective covering of fat, which 
was not the case when he was thin. The presence of adipose 
tissue, therefore, acts in the same way as does a warm für to 
extend the ränge of the physical regulation, and to delay the 
onset of the chemical regulation of body temperature. 

*Voit: " Sitzimgsber. der Ges. für Morph, u. Physiol.,'* 1904. Bd. xix, 

P- 39- 

* Babak: "Pflüger's Archiv," 1905, Bd. cviü, p. 389. 

'Rubner: Ibid., 1902, p. 137. 
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The physical regulation may be increased by certain volun- 
tary acts, such as are observed when a dog exposed lo cold lies 
down and curk himself up in such a way as to offer as small an 
exposed surface as possible. The contrast to this is offered 
when on a hot day the dog lies on his back and eztends his limbs 
so as to promote the loss of heat. 

Rubner* compared the fasting metabolism of a resting dog 
exposed to air at about i8® with that of the same dog quietly 
resting suspended in a net, by which means his surface was 
more exposed to the influence of cold. The results were as 
follows: 

Day of Cal. from Cal. f»om t/vpat tvw. 

Starvation. Proteid. Fat. iotai.. akmp. 

Resting 2 33.79 430-91 464.7 17-5** 

Resting in nct 3 33-79 581.50 615.2 18.2® 

Rubner' also cites an important modification of metabolism 
through a Variation in the humidity of the atmosphere. 

At a medium temperature during fasting (as well as on a 
medium diet) the metabolism of a dog was practically unaffected 
by an increase of humidity in the air, as appears below: 

-, Cal. in Humidity in 

Temperatüre ao.a» ,^ ^^^^ p^, Cent. 

Dn- day 258.4 34 

Humid day 256.6 69 

More on dry day 1.8 

However, on a liberal diet the metabolism increases on a damp 
day even at a medium temperature, as for example: 

__ o Cal. in Humidity in 

Temperature ao a» ,^ Hoü^3^ p^ Cent. 

Very dry day 249.4 13 

Humid day 261.9 66 

More on humid day 12.5 

The increase is 5 per ccnt. 

* Rubner: "Energiegesetze," 1902, p. 184. 
' Rubner: Ibid.f 1902, p. 188. 
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On a very hot day (on a moderatc fat diet) thc dog's metab- 
olism is increased by thc presence of moisture in the atmos- 
phere. 

TlMTElATUUE 35^. 



Caloriesper Kg. 

69.28 
73-54 



Huxnidity in Per Cent. 

9.1 

30.0 



Under these circumstanccs the metabolism rose 6.1 per cent. in 
the more humid air. Thcre was probably an overwarming of 
the celk, on account of the difficuhy of heat loss by cvaporation of 
water. A cold damp climate of 0° to 5° tcmperature also favors 
an increased metabolism. Rubner attributes this action of 
humidity to the increased conductivity of a hair covering con- 
taining moisture, and says that this loss may be partially bal- 
anced by a decreased evaporation of watcr from the lungs. 

The metaboUsm and the manner of hcat loss may therefore 
be variously affected by the condition of thc atmosphere as re- 
gards moisture. 

On days of ordinary dryness Rubner* calculatcs thc follow- 
ing division of the heat loss in a starving dog under the influence 
of different temperatures: 

INFLUENCE OF TEMPERATURE ON MANNER OF HEAT LOSS. 



Temfe«ature. 


Calories Lost by 

CONDUCnON ÄND 

Radiation. 


Calories Lost by 

Evaporation or 

Water. 


Total Calories of 
Metabolism. 


Humidity 
IN PER Cent. 


70 


78.S 

55-3 

45-3 
41. 

33-^ 


7-9 

7-7 
10.6 

132 
23.0 


86.4 
63.0 
550 
54.2 
56.2 


24 
34 

2Q 

19 
14 


ico 


* J • 

20° 


2q« 


3^. 


JW ......... 



It is clear that at y° only a little heat is lost by the evaporation 
of water and the grcater part by conduction and radiation. As 
thc surrounding air becomes warmer thc power to lose hcat by 
radiation and conduction diminishes and thc loss through the 
evaporation of water increases. 

* Rubner: "Energiegesetze," 1902, p. 189. 
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Rubner has charted this expcriment aftcr making allow- 
anccs' for the varj'ing moisture conditions. The chart is here 

rcproduccd; 
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Fig. 4-— Ra!)rn-rs cliatl showing Ihe inanner of hrat ]oss at dilTcrenl room 
tCTnperatuix-s in Ihr tiog. Bliu, }lea.l luss in calories ihruugh eiajioraliriit of 
wstcr. Rei, Heol lossin caloncs [hrough cadialinn und condutliun. 

The distancc bciwccn opposite poinls of ihe curved Üne represents thc lolal 
' ' " ' a particular Icmperature. 



The chart epitomizcs thc method of hcat loss in a starving dog 
linder the influence «f varj'ing tcmperaturcs. 

The discussion of thc metabolism has given a foundation for 
the understanding of ihe basic requiremcnt of an organism. 
The minimum requiremcnt for cnergy is seen to be present 
when the fasting organism is surroundod by an atmosphere 
having a tcniperature of 30° to 35 ". This may be called the 
'Rubner: "Archiv für Hygiene," tS()i, Br|. ii,p. »oS. 
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basal requiremefUf the minimum of cnergy compatible with cell 
life. This basal requirement is modified by temperature, by 
food, and by work, and it is an important factor to keep in mind 
(see p. 177). 

The principles laid down here regarding the lower animals 
apply equally to man. He too may come under the influenae 
of chemical regulation, although he constantly endeavors to 
maintain the surface of his skin at a tropical temperature through 
the use of clothes. His heat loss may, like the dog's, be more 
diflicult if he be covered with a thick laycr of fat. And his 
metabolism is also influenccd by atmospheric conditions of 
moisture, wind, and temperature. 

One of the earliest dcmonstrations of the action of chemical 
regulation was aJBforded by Voit, who placed a fasting man 
wcighing 70 kilograms in the Pcttenkofer-Voit rcspiration ap- 
paratus and determined the carbon dioxid and nitrogen Output 
for six hours. The person accustomed himself to the given 
temperature by staying under its influence for some time previous 
to the conmiencement of the experiment. In the cold cxperi- 
ments the ventilating air was derived from the winter atmos- 
phere. On the very warm days the air was artificially heated. 
Voit* gives the following results: 

EFFECT OF TEMPERATURE ON THE METABOLISM OF A 

FASTING MAN. 

Temperature. COj Excreted in G. N in Urine in G. 

4-4® 210.7 423 

6.5® 206.0 4.05 

9.0® 192.0 4.20 

14.3** 1551 3-8i 

16.2® 158.3 4-00 

23-7'' 164.8 3.40 

24-2** 166.5 3.34 

26.7® 160.0 3.97 

30.0® 1 70.6 

The nitrogen elimination rcmains unaffected by temperature. 
At the ordinary room temperature there scarcely seems to be 
any increase in carbon dioxid Output, but at the lower temper- 
atures the quantity of the fat metabolism is markedly increased, 

» Voit: "Zeitschrift für Biologie," 1878, Bd. xiv, p. 80 . 
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as shown by the rise of carbon dioxid elimination. The in- 
dividual sat quietly in a chair, but at a tempcrature of 4.4® 
could not prevcnt himself from shivering. 

The whole cffect of the chemical regulation in man has been 
attributed by Johansson* to the additional metabolism due to 
shivering. Voit did not beUeve that this could be the cause, 
nor that the increased respiratory activity could account for the 
rise in metabolism. Voit belicved the increase to be a reflex 
Stimulus of cold on the skin which raised the power of the 
muscle cells to metabolize. Voit's views have been confirmed in 
Rubner's laboratory' in the foUowing series of experiments on 
a man: 

Temperatur^. C0| in Grams fer Uods. 

15° 3^-3 

20° 30.0 

23° 279 

25° 31-7 

29° 32.4 

In this experimcnt therc was no shivering at a temperature 
of 15° and yctthe metabolism increased from what it was at 

23°. 

It has also been showTi that cool baths and winds increase 

the mctabohsm, which must be effected through the chemical 
regulation. Lcf^vre' states that a man, who has been inured 
to it, may sit nakcd for several hours in a cold wind without loss 
of body tempcrature. 

Rubncr* has measured the effect of baths and douches last- 
ing three and a half to fivc minutcs. Whcn the water has a tem- 
perature of 16° he finds that the carbon dioxid elimination may 
be very largcly increased, especially in the case of the douche. 
The effect of the douche was morc marked if taken before 
breakfast when the intestinal tract is free from food. The 
results before breakfast were as foUows: 

* Johansson: "Skan. Archiv, für Physiologie," 1896, Bd. vii, p. 123. 
' Rubner: "Energiegesetze." 1902, p. 203. 

•Lef^vre: "Comptes rendus," 1894, p. 604. 

* Rubner: "Archiv für Hygiene," 1903, Bd. xlvi, p. 390. 
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INFLUENCE OF COLD BATHS ON METABOLISM IN MAN. 

I 
DoüCHE 16'. In-' Bath i6*. Inceeasc 



Volume of respiration . 
Carbon diozid excreted 
Oxygen absorbed 



CREASE IN PER CeNT. 



545 
149-5 

IIO.I 



IM PER Cent. 



22.9 
64.8 
46.8 



A cold bath, especially a douche, will thereforc stimulate to a 
greatly increased metabolism. The respiratory quotient indicates 
that the increased metabolism is at the expense of the glycogen 
supply. There is an after-effect which lasts about one and a half 
hours, indicating an increased metabolism during that time. 
This may be the expression of the body's attempt to maintain a 
normal temperature after being somewhat cooled (see also p. 254). 

It is obvious that a cold bath will bc liable to induce shiver- 
ing unless by mechanical effort, such as swimming, the 
metabolism is increased so as to supply calorific energy in 
another way than through chemical regulation. 

A bath of 35° has no effect on metabolism. 

Rubner finds that a bath at 44*^ again increases the metabo- 
lism, the increase being, for the volume of respiration, 18.8 per 
Cent., for carbon dioxid 32.1 per cent., and for oxygen 17.3 per 
cent. This is probably due to the overwarming of the cells. 
Baths at this temperature find favor among the Japanese. 

The effect of wind is such that an imperceptible air current 
may have a very pronounced effect. Rubner * has shown that 
wind becomes perceptible when it attains a vclocity of 0.4 to 
0.5 meter a second, and that if a wind much below this threshold 
value, having a velocity of 0.18 meter per second, act upon the 
exposed area of the arm, there is an increased heat loss of be- 
tween 19 and 75 per cent., dcpcnding on the temperature of the 
wind, above what would be lost wcre the air quiet. 

The effect of wind of moderate humidity and different tem- 
peratures on the metabolism of a man clad in summer clothes, 
as compared with the metabolism during atmospheric calm, is 
shown in Wolpert's' experiment below: 

* Rubner: "Archiv für Hygiene," 1904, Bd. 1, p. 296. 
'Wolpert: /Wd., 1898, Bd. xxziii, p. 206. 
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INFLUENCE OF WIND ON METABOLISM IN MAN. 



Tempekatdre. 



Wind x Metes pes 

Second. 

Grams 



Calm. 



Wind 8 Metehs pee 
Second. 



10-15' 
15-20' 
ao-25' 
25-30' 

30-35' 
35-40' 



CO, 
Hour. 


per 


G 


rams CO, 
Hour. 


per 


Grams COs 
Hour. 


per 


29.8 




• • • • 




m m • • 




251 






28.3 




30.0 




24.1 
25.0 






• • • • 

• « • « 




28.0 




253 






22.2 




24.4 




237 






• • • • 




21.6 




21.2 






22.2 




22.1 





According to this a breezc having a temperature of 15-20® and 
moving at the rate of about 15 miles per hour (8 meters per 
second) has a greater cffect upon the mctaboUsm of a man clad 
in Summer clothing than a temperature of 2° would have during 
perfect atmospheric quiet. In all the experiments the smallest 
amount of carbon dioxid is climlnated between 30° and 40°. 

The abovc experiments were performed on a thin man, and 
it will be noticcd that there was no rise in his metabolism at a 
temperature of between 35° and 40°. Rubner explains this as 
due to the sufficiency of the evaporation of Perspiration on the 
surface for the cooling of the organism. 

A fat man, however, with a thick, ill-conducting layer of 
adipose tissue, is not so immune to the effect of high tempera- 
tures upon his metabolism. This is especially pronounced in 
a damp climate. Thus Rubner* obtains the following results 
from a fat man wearing clothes: 

INFLUENCE OF TEMPERATURE AND HUMIDITY ON THE ME- 
TABOLISM OF A FAT MAN. 





HUUIDITY 30 PER CENT. 


HUMIDITY 60 PER CENT. 


Temperatuke. 


CO, in grams 
per hour. 


H,0 e\'aporatcd 
per hour. 


CO, in grams 
per hour. 


HtO evaporated 
per hour. 


20° 


33-7 
36.9» 

42.6» 


i;6 


70.7 


17 
1704- 

31 g- 
sweat. 

186 


28-^0° 


IIS AA.^* 


^tJ J*^ ............ 

»6-^7® 


*0*T 

204 
4-14 g. 

sweat. 


46.7« 


o*^^o / ••• 


+255 g. 
sweat. 



1 Body temperature rose o. i*^ 



*« 



oxy 



* Body temperature rose 0.4' 

4 14 ii 



" O.0» 



* Rubner: "Energiegesetze/* 1902, pp. 208, 232. 
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The fact that in the cxperiment whcre thcrc was 30 per ccnt. 
humidity the metaboUsm largely incrcascd at 36-37® without 
concomitant rise in body tempcrature, leads Rubner to theorize 
that there must havc been an overheating of the cells where the 
metabolism was progressing, even though this might not have 
bcen determinable by the cHnical thcrmometcr. 

It appears that on a hot, humid day the metabolism of a fat 
individual may be fifty per cent. higher than on a day of moder- 
ate temperature and the same humidity. The whole of the 
body heat is lost through the evaporation of water which is here 
hindered by the humidity; and besidcs, there is a large excre- 
tion of sweat which is always accompanied by a feeling of phys- 
ical exhaustion. At a moderate temperature, where the greater 
part of the heat loss is by radiation and conduction, the ex- 
cretion of water is not excessive. 

There can be no doubt that climatic conditions modify 
racial characteristics. The emigrant from Northern Europe, 
livinguponafarm in the hot and often moist chmate of an Ameri- 
can Summer, must restrict his layer of adipose tissue if he is to 
live comfortably. The same holds true in Italy. The difference 
between John Bull and Uncle Sam seems to be one of climatic 
adaptation On the contrary, the Eskimo cultivates a thick, fat 
layer to protect himself from frost. It is also interesting to note 
that prostrations from the heat appear in New York with 66 
per Cent, humidity and a temperature of 31.5*^ (2.30 p.m., 
August 24, 1905). Rubner^ says that a lightly clad thin man, 
at a temperature of 30° with humidity at 65 per cent., bore the 
effcct so badly that he fearcd to raise the temperature to 35°. 
This individual had rcadily tolerated 35° in dry air. 

The maximum mortality from "summer troubles" in chil- 
dren in New York coincides with the first grcat wavc of heat 
accompanied by humidity which falls upon the city. Similar cli- 
matic conditions at later dates are not so fatal. It mav be 
that the fatality of these intestinal affections is duc to the incf- 
ficiency of the apparatus for the physical discharge of heat in 

* Rubner: "Energiegesetze," 1902, p. 232. 
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the infant organism. It is also possible that infection may be 
more readily achieved under these conditions (p. 183). 

Another factor in the heat regulation of man is clothes. 
Certain savage races do without clothes, as, for examplc, na- 
tives of Terra del Fuego, who Substitute a covering of oil. In 
such races the process of "hardening" or the development of 
the physical regulation must be carried to a maximum. In 
civihzed countries man endeavors to remove all the influence 
of chemical regulation by keeping his skin covered. Only about 
20 per Cent, of his surface is normally exposed to the air. The 
most important constituent of clothes is the air, which is a much 
worse conductor of heat than is the fiber. This is especially 
true of fürs (p. 85). Thickness of the cloth will give a greater 
layer of air and will prevcnt heat loss from the body. A densely 
woven cloth prevents proper Ventilation and does not absorb 
moisture. In hot weather a porous cloth next to the skin which 
can absorb moisture and permit its ready evaporation is of high 
importance. If such a garment become thoroughly wet the 
evaporation of sweat at a high temperature is largely prevented, 
to the great discomfort of the individual, while at a lower tem- 
perature heat loss through conduction is greatly facilitated, with 
a Sensation of chill. Two experiments cited by Rubner* in- 
dicate the effect of clothes on metaboUsm. An individual was 
kept at a temperature of between 1 1 and 1 2° and wore diflferent 
clothes at different timcs. His carbon dioxid and water ex- 
cretion wcre as foUows: 



INFLUENCE OF CLOTHES ON METABOLISM IN MAN AT A TEM- 
PERATURE OF 11-12^ 



Summer clothes 



Summer clothes and win- 
ter overcöat 

Summer clothes and für 
coat 



COs IN Graus per 

HOUR. 




H3O IN Graus per 
HouR. 



* Rubner: " Energiegesetze," 1902, p. 225. 



Remarks. 



Cold, occasional 

shivering. 
Chillypartofthe 

tmie. 

Comfortably 

warm. 
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When the man was comfortable the chemical regulation of tem- 
perature was eliminated. 

Rubner points out that whilc the radiant energy of the sun 
is large in quantity, he has been unable to find any influence 
upon a man under ordinary circumstances, but believes that it 
may take the place of heat produced through chemical regulation 
on cold days. Thus a person living in the high altitude of Davos, 
Switzerland, feels much more comfortable in the sun on a cold 
day than he does in the shade. However, Zuntz while living 
on the simmiit of Monte Rosa found that sunlight did not 
reduce metabolism (p. 218). 

In what follows it will be shown that the ingestion of food 
may add to the heat production of the organism and diminish 
the necessity of heat production through chemical regulation in 
cold weather. Also, it may very uncomfortably increase the pro- 
duction of heat and Perspiration in warm weather, especially 
if Proteid be largely taken (p. 183). 

From this chapter the influence of climate is seen to be note- 
worthy. It explains why a temperature of —40*^ may be com- 
fortably bome in winter, in the Adirondacks, for cxample, if 
the air be dry and still; how a much warmer atmosphere which 
is damp and windy may "cut to the bone'' with cold; how a 
hot, dry climate may be entirely comfortable, when air at the 
same temperature laden with moisture may strike down many 
fatally and oppress every one; and how the effect of heat may 
be modificd by the breezes and baths at the seashore. 

It does not explain the effect of the dry sirocco wind which 
blows from the Desert of Sahara, the universal depressant action 
of which has been attributed to unknown cosmic influences. 



CHAPTER V. 
THE INELUENCE OF PROTEID FOOD. 

It has been thought that protcid was a food which was in 
itself sufficient for all the requirements of the body. Pflüger* 
was able to keep a very thin dog in good condition and doing 
active exercise during a period of seven months, the sole diet 
being meat cut as free from fat as possible. Pflüger says that 
the fat and glycogcn content of the meat ingested could not have 
yielded sufiicient energy to provide for the action of the heart 
alone. It must be remcmbered, however, that meat is not pure 
proteid but is mixed with salts and watcr. The simplest diet 
capable of maintaining the body in condition is therefore a mix- 
ture of materials, or foodstuffs. Such a mixture of foodstuffs 
is called a food. A foodstufif is a material capable of being 
added to the body's substance, or one which when absorbed into 
the blood-stream will prevent or reduce the wasting of a neces- 
sary constituent of the organism. 

The foodstuflFs are: 

Proteids. 

Gelatinoids. 

Carbohydrates. 

Fats. 

Salts. 

Water. 

A food is a palatable mixture of foodstuflFs which is capable 
of maintaining the body in an equiUbrium of substance, or ca- 
pable of bringing it to a desired condition of substance. The 
ideal food is a palatable mixture of foodstuffs arranged together 

» Pflüger: "Pflüger's Archiv," 1891, Bd. 1, p. 98. 
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in such Proportion as to bürden the organism with a minimum of 
labor. These definitions are Voit's.* 

When proteid alone is ingested by a normal adult it is very 
readily bumed, and is only with the greatest difficulty deposited 
so as to form new tissue in the organism. 

In the early experiments of BischoflF and Voit, the fact is 
recorded that a dog weighing 35 kilograms may excrete 12 
grams of urea in twenty-four hours, and the same dog after 
receiving 2500 grams of meat may excrete 184 grams, fifteen 
times as much. 

Voit' has shown that if that quantity of meat be admin- 
istered which corresponds to what is bumed in starvation, 
nitrogen equilibrium will not be established, but some of the 
body's flesh will also be metabolized. This latter quantity 
grows steadily less if the amount of meat ingested be gradually 
increased until finally the point of nitrogen equilibrium is reached, 
at which the amount of meat ingested is equal to that destroyed 
in the body. To illustrate this Voit gives the following table, 
the results of work done on a dog: 



Meat 
Administexed. 


Flesh 
Destroyed. 


Chance in 
TUE Body. 





233 


233 





190 


— 190 


300 
600 


379 
665 


79 
-65 


900 

1200 


941 
1180 


41 

-f 20 


1500 


1446 


+ 54 



Nitrogen equilibrium was not reached until 1200 grams of meat were given, 
or about five times the amount of the fasting proteid metaboh'sm. 

The above experiments were madc in 1858. It is no longer 
customary to calculate the proteid metabolism in terms of flesh 
destroyed, but in terms of nitrogen. The old-fashioned term 
flesh meant meat with a nitrogen content of 3.4 per cent. It 
served to illuminate the significance of metabolism ata time when 
few were instructed in this field of work. 

E. Voit and Korkunoff' have published a rcsearch of sim- 

* Voit: Hermann's Handbuch, "Stoffwechsel," 1881, pp. 330, 344. 
' Voit: Ibid., 1881, p. 106. 

• E. Voit and Korkunoff: "Zeitschrift für Biologie," 1895, Bd. xxxii, p. 58. 
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ilar character. They f ed a dog with meat which had been treated 
with lukewarm water to removc the extractives, and which was 
then squeezed in a prcss. This process removcs most of the 
nitrogen containing substances other than proteid. A dog will 
readily eat this washed meat or ** proteid." The idea was to 
determine the minimum quantity of proteid which it was pos- 
sible to ingest and still maintain nitrogen equilibrium. The 
diffcrent quantities of meat tabulated below were given con- 
tinuously for two or three days at a time. Only the results of 
the last day of cach of these periods are quoted: 

Food. N in Food. N in Excreta. Ditfekence. 

Starvation o 3-996 — 3-99^ 

loo g. meat 4.10 S'SS^ — K-^S^ 

140 g. " 5-74 6.495 — 0-7SS 

165 g. " 6.77 7.217 —0.447 

185 g- " 7-59 7804 —0.214 

200 g. " 8.20 8.726 — 0.526 

230 K- " 1024 10.579 —0.339 

360 g. '* 11-99 12.052 . — 0.062 

410 g. " 15.58 I4-3U +1.266 

360 g. " 13.68 13.622 +0.058 

Starvation, third day 4.026 — ^4.026 

The figures show that nitrogen equilibrium was reached 
only after supplying three and a half times the amount of proteid 
metabolized in starvation. The authors calculate thät at this 
time of nitrogen equilibrium the dog was still losing 28 grams 
of body fat, and that not much more than fifty per cent. of the 
total energy liberated in the organism was fumished by the pro- 
teid metabolism of the time. One may thus have nitrogen 
equilibrium without having carbon equilibrium. 

Systems of diet for fat people are based on this knowledge. 
A loss of proteid is highly undesirable, while a gradual loss of 
adipose tissuc may be a grcat relief to the obese. 

Bernstein^ finds that he can add proteid to his body and 
bum his body fat on a mixed diet containing 1600 calories 
with 118 grams of proteid. Such a diet contained a fuel value 
less than the requircment of his organism (p. 157). 

If the quantity of meat ingested be steadily increased after 

* Bomstein: "Berliner klinische Wochenschrift," 1904, No. 46. 
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nitrogenous equilibrium has been reached, thc proteid metabo- 
lism will gradually increase, nitrogenous equilibrium will be 
established at higher and higher levels, and there will be a cor- 
responding diminution in the amount of fat bumed. This was 
shown in the foUowing experiment of Voit/ who gave differcnt 
quantities of meat to a large dog weighing 30 kilograms. 



INFLUENCE OF INGESTING INCREASING QUANTITIES OF MEAT. 

Weights are in Grams. 



Meat Incesteo. 


Flesh 

DESTmOYEQ 


Gain or Loss or 
Body Flesh. 


Gain or Loss 
or Body Fat. 


Respiratory 
Quotient. 





165 

599 
1079 

1500 

1757 
2044 

2512 


-165 
—99 

79 


+43 
—44 
— 12 


—95 

47 
— 19 

+ 4 

+ 58 
+ 57 


•72 
•76 

•74 
.81 

•84 


CQO 


1000 


1500 

1800 

2000 

2500 



Nitrogen equilibrium existed after the ingestionof 1500 grams 
of meat and there was also no loss of body fat (carbon equilib- 
riimi). When 2000 grams and even 2500 grams of meat were 
supplied it was all destroycd, as was indicated by the amount of 
nitrogen in the urine, but a certain quantity of carbon belonging 
to the ingested proteid was not eliminated in the respiration 
but was retained in the body. This carbon Pettenkofer and 
Voit believed to have been laid up in the body in the form 
of fat. 

The respiratory quoticnt in the foregoing series gradually 
rises as would be expected from the increasing prominence 
of the proteid in the metabolism (p. 27). Meat alone will 
therefore support a dog. Rubncr' says that a man cannot live 
on meat alone, not because the intestinal canal cannot digest it, 
but because of the physical limitations of the apparatus of mas- 
tication. 



» Voit: "StoflFwechscl," 1881, p. 117. 

' Rubner: Leyden's " Handbuch der Ernährungstherapie," 1903, Bd. i, p. 42. 
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A subjcct of interest akin to the value of proteid in metabo- 
lism is that of the value of gelatin. Gelatin is a substance which 
contains very nearly the same quantity of ni trogen as proteid; 
it breaks up on chemical treatment into the same amino acids, 
except that it does not yield tyrosin, cystein and tryptophan. 
In the diabetic, gelatin yields the same amount of sugar as does 
proteid.* To what extent gelatin may takc the place of pro- 
teid in the body*s metabolism has long been the subject of 
inquiry. 

It was shown first by Bischoff and Voit ' that no matter how 
much gelatin was ingested it was always completely bumed and 
some of the body*s proteid in addition. Therefore gelatin never 
builds up new tissue, although it may somewhat diminish tissue 
wastc. Gelatin may be formcd from proteid in the body, but 
it cannot be reconverted into proteid nor act like proteid in 
metabolism. Kirchmann,^ working in the laboratory of Erwin 
Voit, has shown to what extent gelatin spares proteid in metabo- 
lism. If one takes the amount of proteid metabolism in star\'a- 
tion as one, thcn the ingestion of about the same quantity of 
gelatin reduccs the body 's proteid waste 23 per cent., and if 
eight times this amount of gelatin be given the tissue waste may 
be reduced 35 per cent. In other words, the ingestion of 7.5 
per cent. of the total heat requirement of the organism in the 
form of gelatin spares 23 per cent. of the body's proteid, while 
the ingestion of 60 per cent. of the requirement will only cause 
a dccrease of 35 per cent. in proteid waste. Krummacher* 
showed that the ingestion of the füll heat requirement of the 
animal in the form of gelatin reduced the fasting proteid metab- 
olism by only 37.5 per cent. It is evident that no matter how 
much gelatin be given, tissue proteid continues to be destroyed, 
and it is also evident that a small quantity of gelatin has almost 
as great an effect as a large quantity. 

* Reilly, Nolan, and Lusk: "American Journal of Physiology," 1898, vol. i, 

P- 395- 

' Voit: Hermann's Handbuch, "StoflFwechsel," 1881, p. 396. 

* Kirchmann: "Zeitschrift für Biologie," 1900, Bd. xl, p. 54. 

* Krummacher: Ibid., 1901, Bd. xlii, p. 242. 
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An extremely interesting expcrimcnl of Kauffmaon' shows 
thal when the lacking tyrosin, cysicin, and Iryptophan are mixcd 
wilh gelatin in ihe proportions in which ihey occur in true pro- 
leid, and arc gi\cn lo a dog or to a man, nitrogen equilibrium 
may be established. 

In recent years the idea has becn gaining ground thal pro- 
tcid bodies must be broken up inio amino acids beforc absorp- 
lion in the intcstine (p. 289). If ihis be Irue ihen ingestion of 
the cleavage products of proteid should maintain nitrogen 
equilibrium in the same way as the ingeslion of meat. The 
first experiments in this direction were done by Loewi," who gave 
a dc^ pancreas which had becn self-digested until all the proteid 
had been converted into amino acids, as was indicated by the 
almost complete disappearance of the biurct rcaction. Fat and 
carbohydrates werc gi\'en with the digcst, and nitrogen equilib- 
rium was obtaincd and even nitrogen retcntion accomplished. 
Thus, in one cxperiment co\'cring a pcriod of eteven days, pro- 
leolytic digestive products containing an avcrage of 6.08 grams 
of nitrogen were given daily, of which only 5.19 grams were 
cÜminated in the urine, while the balance, or 0.89 gram of 
nitrogen, was relained in the body of the animal. This 
amounled to 9.79 grams of nitrogen in eleven days. Accom- 
panying this nitrogen retention was one of 0.649 gram of 
phosphoric acid (PjO,), an amount larger Ihan was necessary 
for the upbuilding of new tissue from the nitrogen Compounds 
retained. Loewi concluded that he had demonstrated the 
synthesis of new proteid within the organism. 

Lesser' gave a pancreatic digest of fibrin to a dog and was 
imable to obtain nitrogen equilibrium. 

Hendcrson and Dean ' confirmed Loewi in finding that the;- 
could obtain nitrogen equilibrium by fecding a dog with the 



' Kauffmann; "Pflüger's Archiv," 1905, Bd. dx, p. 440. 

' Lot wi: " Archiv für ex. Paih. und Pharm.," igoa, Bd. slviü, |i. 303. 

' Lesser: " Zeitschrift für Biologie," 1904, Bd. xlv, p. 506. 

' Hendenon and Dean: "Amedcan Jouroai ot Physiologie," 19OJ, voL ix, 
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clcavagc products of meat produced by treatment with sulphuric 
acid. 

Stiles and Lusk,^ on the contrary, gave a fasting diabetic dog 
a pancreatic digest of meat which had undergone fourteen 
months of proteolytic clcavagc, and obscrvcd that thc nitrogen 
of it was complctely climinatcd in thc urinc without protecting 
thc body from loss of proteid, which would havc occurred had 
meat itself bcen administered. 

To rcconcilc thesc dififerences it seemed neccssary to con- 
sidcr thc dififerences in methods of preparing thc cnd products 
of the proteid to be ingested. Indeed, Abderhalden and Rona' 
find that mice live on casein split with pancreatin as long as they 
do on casein alone; whereas they die much carlier if the casein 
has bcen submitted to peptic and then pancreatic digestion, or 
if it has bcen broken up by acid hydrolysis. Henriques and 
Hansen^ also find that casein broken up by acid will not main- 
tain nitrogen cquilibrium in rats, but that if thc pancreas of thc 
ox and a small picce of the intestine of the dog (to fumish erepsin) 
bc digcstcd for two months at 40°, and thcresultingmatcrial given 
to rats, nitrogen cquilibrium will be maintained. Thc authors 
further find that the monoamino acid fraction (thc filtratc after 
precipitation with phosphowolframic acid), and also thc alco- 
holic extract of the last-named digest, maintains rats in nitrogen 
cquilibrium. The residue left after alcoholic extraction will 
not do so. 

Finally Abderhalden and Rona* havc accomplished a most 
intcresting experiment upon a dog. The animal was given 
daily a constant quantity of non-nitrogenous foods which were: 
fat, 25 grams; starch, 50 grams; cane sugar, 10 grams; dex- 
trose, 5 grams. The dog was brought into nitrogen cquilibrium 
by giving meat containing 2 grams of nitrogen. Then for this 
were substituted the amino clcavagc products of casein, pro- 

* Stiles and Lusk: "American Journal of Physiology,** 1903, vol. ix, p. 380. 

'Abderhalden and Rona: "Zeitschrift für physiologische Chemie,*' 1904, 
Bd. xlii, p. 528. 

* Henriques and Hansen: Ibid., 1905, Bd. xliii, p. 417. 
^ Abderhalden and Rona: Ibid., 1905, Bd. xliv, p. 198. 
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duced by pancreatic digestion and also containing 2 grams of 
nitrogen. During sixteen days on this diet there was an average 
daily gain of 0.12 grams of nitrogen by the dog. Then casein 
hydrolized by acid and containing 2 grams of nitrogen was 
administered for ten days, during which time the dog lost 0.48 
grams of nitrogen daily. Amino products prepared after this 
fashion will therefore not preserve nitrogen equilibrium. Lastly, 
the diet was continued without any nitrogenous food. The 
daily waste of body nitrogen was then 0.53 grams. The loss 
was the same as when the casein hydrolized by acid was in- 
gested, indicating that this particular array of cleavage prod- 
ucts had no protecting power over the body proteid. 

The absence of virtue in the casein hydrolized by acids is 
attributed by Abderhalden and Rona' to the complete destruc- 
tion of all Polypeptids (p. 293) which are probably the construc- 
tive nuclei (Bausteine) of proteid. When the latter are prcsent 
a partial reconstruction of amino acids into the proteids of 
blood serum is possible. 

It seems therefore proved that amino bodies resulting from 
certain proteolytic cleavages may be the equivalent in metabo- 
lism of ingested proteid itself. 

In practical dietetics these substances can have no value, 
as they tend to produce diarrhea, as do also albumoses and 
peptones when given in any quantity.* As illustrating this, 
Cohnheim' finds that though somatose is more digestible than 
meat, still over 30 grams is undesirable in the daily diet of a 
man. 

The eflfect of copious drinking of water upon proteid 
metabolism has been made the subject of various studies. A 
small increase in nitrogen elimination has usually been noted. 
This was first established by Voit, who explained it as due to 
an increased circulation which influenced the flow of the intra- 

* Abderhalden and Rona: "Zeitschrift für physiol. Chemie," 1906, Bd. 
xlvii, p. 397. 

' Voit: "Münchener med. Wochenschrift,** 1899, Nos. 6 and 7. 

• Cohnheim: "Pflüger's Archiv,'* 1904, Bd. cvi, p. 17. 
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cellular fluids. Heilner* has recently shown that giving 2cxx) 
c.c. of water to a fasting dog on two succcssive days raises his 
urinary nitrogen from 3.15 grams to 4.09 and 3.58 grams on 
the two days of water ingestion, and then the nitrogen excretion 
falls to 2.22 and 2.62 on the foUowing days. In this experi- 
ment the carbon dioxid excretion was vcry slightly increased 
and the temperature of the dog was not affected. The quantity 
of urine rose from 90 c.c to 2050 c.c. 

Straub' found that an extra ingestion of 2000 c.c. of 
water in a man who was in nitrogen equilibrium on a 
diet containing 20.56 grams of nitrogen had no effect on 
proteid metabolism; whercas Hawk' who gave less proteid 
nitrogen but more water, found that the ingestion of 4500 
c.c. of water caused the urinary nitrogen to rise from 11.03 
to 12.48 on the first day, and 11.82 on the second day, 
with a fall to 10.91 grams on the succeeding day when no water 
was given. Hawk intcq^rets the action of copious water drink- 
ing as twofold, — first, to cause a removal of any accumulation of 
nitrogenous decomposition products from the organism, as was 
indicatcd by the greatcr incrcase of 12.8 per cent. in the nitrogen 
elimination of the first day; and, second, to cause a true in- 
crease in proteid metabolism as was indicated by the smaller 
incrcase of 6.8 per cent. on the second day of water ingestion. 

One of the striking characteristics of star\^ation metabolism 
was shown to be its extreme regularity from hour to hour and 
from day to day. What, then, is the hour-to-hour metabolism 
after meat ingestion? 

The classical experiments of Voit^ and of Feder* have been 
more fuUy worked over by Gruber. .Gruber' fed a dog with 
500, 1000 and 1500 grams of meat on diflerent days. He 
collected the urine every two hours after the meal and determined 

* Heiincr: "Zeitschrift für Biologie," 1906, Bd. xhni, p. 541. 
' Straub: Ihid.^ 1899, Bd. xxxvii, p. 527. 

•Hawk: "University of Pennsylvania Medical Bulletin," March, 1905. 

* Voit: "Physiologische Untersuchungen," Augsburg, 1857, p. 42. 

• Feder: "Zeitschrift für Biologie," 1881, Bd. xvii, p. 541. 

• Gruber: Ihid.^ 1902, Bd. xlii, p. 421. 
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the nitrogen output. The curves of nitrogeti elimination under 
these circumstances are as follows: 
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Fig. 5.— I, aftersoog. mcal + 50 g. fat + jsoc.c, waler; i, after 1000 g. 
meat -1- 100 c.c. waler; 3, after 1 500 g. meat + sooc.c. walcr. On cach of these 
days thc animal was in nitiogen equilibrium. 

It is evident thal therc is an early elimination of proteid 
nitrogen which here rcaches a maximum belwccn fivc and scvcn 
hours after feeding, and that the hour of the maximum cscrc- 
tion is dclayed by incrcasing the quantity of meat ingested. 

It is apparent, thereforc, that Ihc proteid mctabolism as il- 
lustrated by the curve of nitrogen elimination is quite diEEerent 
from the even metabolism of starvation. 

If we tum from the nitrogen elimination to that of the car- 
bon in the respiration, it will be found that here thc elimina- 
tion is comparatively even. Frank and Trommsdorf ' gave a 
dog 1191 grams of meat which had becn freed from extractivcs 

' Frank and Trammsdoif: "Zeitschrift tUr Biologie," 1902, Bd, xliii, p. ifiö. 
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by mcans o£ lukewarm water. The nitrogen and carbon of the 
urine and feces, and the carbon of the respiration were deter- 
mined, and from these data the proteid and fat metabolism were 
calculated in the usual manner. From this the heat produced 
was estimated. The essential results were thus tabulated: 

V.ARI.ATION IN METABOLISM AFTER MEAT INGESTION. 





No. op HouKS. 


Pei Hook. 


Peiiod. 


N in Urine. 


C in Respin* 
tioo. 


Cakries from 
MeuboUsm. 


Starvation 


24 

4 h. Q m. 
3 h. 14 m. 

5 h. 44 m. 
10 h. 53 m. 

(night) 


0.1944 

0.917 

1-373 
1-592 
1.064 


2.968 ' 16.72 


Mcat Ingested: 

First pcriod af ter meat 
Second " *' " 
Third " " " 
Fourth " " " 


3.862 
3-886 
3-872 
3-493 


43.94 

41.53 
41.00 

38.46 



It is evident that while the curve of the nitrogen elimination 
shows a maximum rise to nearly eight times that of fasting and 
varics greatly, the carbon curve is much more even and is not 
much above that found in starvation. The maximum rise in 
heat production occurs in the first four hours after the inges- 
tion of meat and amounts to twenty per ccnt. The heat pro- 
duction falls during the night hours. 

Rubner* has obtained similar results after giving 460 grams 
of washed meat to a dog weighing 24 kilograms. His calcula- 
tions show the foUowing metabolism during six-hour periods: 

VARIATION IN METABOLISM AFTER MEAT INGESTION. 



First Day of Ingestion. 



Time of Day. 



Day, 9-3 

3-9 
Night, 9-^ 

Total . . . 



N in Urine. 



5.06 
6.1 1 
4.64 
2.76 

18.6 




» Rubner: "GeseUc des Energieverbrauchs," 1902, p. 365. 
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VARIATION IN METABOLISM AFTER MEAT INGESTION 

(CorUinued). 



Thdkd Day dp Ingestion. 



Time of Day. 


N. ia Urine. 


Cal. from Pro- 
teid. 


Cal. from Fat. 


Calories Total. 


Dav. 0— ^ 


5-57 
8.94 

532 
2.66 


148.7 

238.7 
142.0 

71.0 
600.4 


130.4 

33-4 

76.3 
162.4 

402.5 


279.1 
272.1 
218.3 

2334 
1002.9 


3-9 

Nisht. 0—? 


7-0 


y •••••••• 

Total 


22.5 





The nitrogen curve varies. The total heat production is 
greatest during the hours immediately foUawing the ingestion 
o£ proteid, but is otherwise comparatively even. 

If we pass from the consideration of proteid metabolism, as 
indicated by the nitrogen curve, to the consideration of the 
intennediary metabolism of proteid we can see more clearly that 
the curve of proteid nitrogen excretion is not a true index to 
the sum of the activities contributed to the cells by proteid 
metabolism. 

Voit* believed that there was an early cleavage of the pro- 
teid molecule into a nitrogenous portion and a non-nitrogenous 
portion, a cleavage involving the liberation of only a small 
amount of energy; that there was a rapid combustion of 
the nitrogenous radicle, as shown by the elimination of the 
nitrogenous end-products in the urine; and that the non- 
nitrogenous radicle which contained the major part of the 
Potential energy of the proteid molecule might in part be tem- 
porarily stored either as glycogen or fat and be gradually doled 
out to the tissues as the need required. 

Claude Bemard believed that glycogen could arise from 
proteid. WolflFberg ' let fowls fast two days to remove the gly- 
cogen and then for two days gave meat powder which was 

* Voit: "Zeitschrift für Biologie," 1891, Bd. xxviii, p. 291. 
•WolflFberg: Ibid., 1876, Bd. xii, p. 278. 
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free from carbohydrate. Two fowls, killed during the inter- 
val of proteid digestion, showed considerable glycogen in 
their livers (1.56 and 1.45 per cent.) and muscles (0.251 
and 0.454 per cent.), much more than would have been 
prcsent in starvation. Two similar fowls, killed seventeen and 
twenty-four hours after the last proteid ingestion, contained 
much less glycogen in their livers (0.145 and 0.22 per cent.) and 
muscles (0.21 1 and 0.162 per cent.). This origin of glycogen 
from proteid was fully confirmed by Külz* in a very extended 
series of cxperiments in which chopped meat, fully extracted 
with warm water, was madc the basis of the ingesta. It be- 
came evident from these experiments that if sufficient proteid 
were given to an animal, part of the proteid carbon could be 
retained as glycogen. 

It has long been believed that sugar arises from proteid in 
diabctes. Kossei' first suggested that hexone bases, leucin, and 
other proteid end-products, contained six atoms of carbon as 
did also the ordinary hexose sugars, such as dextrose, levulose 
and galactose. The theory of the origin of sugar in diabetes 
from these amino products was strongly advocated by Friedrich 
Müller.^ The definite proof of this was aflforded by Stiles and 
Lusk* who gave a mixture of amino bodies prepared by the pan- 
creatic proteolysis of meat to a dog rendered diabetic with 
phlorhizin. The mixture was free from proteid. The nitrogen 
ingested was entirely eliminated in the urine, and for each 
gram of such nitrogen 2.4 grams of extra sugar appeared in the 
urine. 

A little farther on it will be shown how such a body as leucin 
of the general formula C^NH, may be denitrogenized* and in 
part converted into dextrose (p. 232). Knopf has shown that 

• Külz: "Ludwig's Festschrift," 1890, p. 83. 

' Kosscl: "Deutsche medizinische Wochenschrift," 1898, p. 58. 

• Müller and Secman: Ibid., 1899, p. 209. 

• Stiles and Lusk: "American Journal of Physiology," 1903, vol. 9, p. 380. 

• Halsey: "American Journal of Physiology," 1904, vol. x, p. 229. 

• Knopf: "Archiv für ex. Path. und Pharm.," 1903, Bd. xlix, p. 123. 
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other amino bodies, like asparagin, which do not contain six 
atoms o£ carbon are likewise convertible into dextrose in the 
body. (See chapter on Diabetes.) Considerable sugar may 
therefore originate from proteid in the course of its ordinary 
metabolism. The question arises at what time during the 
metabolism does this sugar become avaikble for combustion in 
the organism? This question vvasanswered by an experi- 
ment of Reilly, Nolan, and Lusk/ These authors gave a 
fasting phlorhizinized dog 500 grams of meat and coUected the 
urine in two 3- and one 6-hour periods. The results wcre as 
foUows: 



EXCRETION OF DEXTROSE AND NITROGEN BEFORE AND 
AFTER INGESTING 500 GRAMS OF MEAT IN DIABETES. 

DeXTROSK. NlTtO(;EN. 

Preceding 3 hours 5.96 

First 3 hours after feeding 1 2-43 

Sccond3 •* " " 14-70 

Third 3 " ** " 11.23 

Fourth3 " " " 11.23 

FoUowing 3 hours 6.34 



The normal fasting relation bctween dextrose and nitrogen 
changed immediately upon the ingestion of meat. During the 
first hours more dextrose was eliminated than corresponded 
to the nitrogen in the urine. During the later hours this pro- 
portion was reversed. The sugar elimination therefore took 
place decidedly before that of the nitrogen. This is shown in 
the foUowing calculation of the percentage elimination of 
nitrogen and dextrose in 3-hour periods foUowing the ingestion 
of 500 grams of meat in the above experiment: 

Dextrose. Nitrogen. 

During first 3 hours 26.06 18.02 

second 3 " 29.64 26.90 

Ihird 3 " 22.65 27.54 

fourth 3 " 22.65 2754 



ro(;en. 


D:N. 


1-75 


341 


2.52 


4.92 


376 


3-91 


385 


2.92 


385 


2.()2 


1.78 


356 



« 



100.00 100.00 



* Reilly, Nolan, and Lusk: "American Journal of Physiolog\'," 1898, vol. i, 
P- 395- 
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The relations arc represented in the foUowing curve: 



&*ma N^for Skra 



-.^. 



öramaß.for ihra 



-^^— Nitrqgtft. 

DexCrwe. 

Fig. 6. — Curve ihowing the dimination ot dcxtrose bcfore niuogen »Iter 

meat ingestton (500 grams) in diabrles. 

That the dextrose production from the meat ingcsted was 
proportional to the proteid dcstroyed is evident from the foUow- 
ing comparison, in which the sum of the dextrose and nitrogen 
eliminated in the twelve hours is considered. Nitrogen and 
dextrose double in quantity aftcr the ingestion of meat, but 
their relative amount rcmatns the samc as In stan'ation. 

Deittbi»!. NtniKF.M. D:N. 

Faiting 1 2 hours ^387 7.00 3.41 

Atter 500 g. mcni, u hours 49.59 M.oo 3.54 

Subsequent II hours 25-36 7-11 35'^ 

The cur\-e shows that there is an early production of sugar 
from proteid which may be liberated in metabolism before the 
nitrogen belonging to the proteid is eliminated in the urine. A 
similar early production of sugar from proteid has also been ob- 
served after fccding dogs with meat in pancrcas diabetes.' 

Since onc gram of nitrogen in the urine represents a dcstruc- 
tion of 6.25 grams of meat proteid, and since there is simultane- 

' Berger: Inaugural D[s9crtätion, Halle (Nebellhau), iqoi ; dted from Maty's 
"Jahresberiehi über Thierchemie," Bd. xxxi, p. 848. 
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ously an avcrage elimtnation of 3.65 grams o£ dexlrose in phlor- 
hizin diabctes, it may be caiculaied that the sugarproduction 
from meat amounts to 58 per cent. by weight of the meat pro- 
teid metaboUzed and may contain 52.5 percent. of its total 
available energy (p, 64). 

After the ingestion of proteid in the normal organiäm this 
sugar early becomcs available and may be bumcd bcforc the 
nitrogen belonging lo it is climinaled, or if the sugar be fonned 
in excess, it may be stored as glycogen in the livcr and muscies 
of the body for subsequent use. In this way it is obvious that 
at least half the energy in proteid may be independent of the 
curve of nitrogen elimination, but may rather act as though it 
had been ingcsted in ihe form of carbohydrate. Carbohydrates 
when ingcsted do not cause a rise in the production of heat, 
but may simply burn as necded by the cells, This will be 
explained in the next chapter. It is thercfore evident that 
this carbohydrate, which is early supplied in the breaking 
down of proteid, may distribute its energy according to the re- 
quirement of the cells as long as it lasts, This is apparently 
the principal cause of the evenness of the trarbon dioxid excre- 
tion as contrasted with the great irregularity of the nitrogen 
elimination after proteid ingestion. 

It has been noted that Frank and Trommsdorf, and Rubner 
also, in experiments previously mcnlioned, caiculated the heat 
production during the first few hours after feeding with meat ac- 
cording to the usuai method from the data fumished by the 
nitrogen and carbon elimination. This, however, will not teil 
the exact truth regarding the fat and proteid metabolism during 
a short pcriod, for dextrose from proteid may be buming, 
which is not indicatcd by the nitrogen excretion of the time, 
The error here introduced would not be large, but a correction 
would tend to reduce somewhat the caiculated heat production 
during the period immediately following the ingestion of meat. 
This experiment should bc controUed by simultaneous mcasure- 
ments with an animal calorimeter. It is obvious that rcspira- 
tion experiments extending over a few hours cannot so accuratcly 
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present the picture of the metabolism after feeding with meat as 
they do in the case of starvation, where the intermediary metabo- 
lism is a constant and even factor. 

Concerning the intcrmediate metabolism of proteid, it is fur- 
thcr sho^^^l f rom the work of Parker and Lusk * that the Inges- 
tion of casein by rabbits maintained undcr the influence of ben- 
zoic acid results in an elimination of hippuric acid which is 
proportional to the proteid metabolism. This is illustrated in 
the foUowing table: 

CONSTANT RELATION BETWEEN GLYCOCOLL PRODUCTION 
AND N ELIMINATION AFTER INGESTING PROTEID. 



I 



Day. 



First . . 
Sccond 
Third. 



Casein In- 

cested in 

Graus. 



4 
5 

10 



Benzoic 
acio given 

IN Gl AUS. 



I 
I 

1-5 



GiAXS HiP* 
PUHic Acid Ex- 

CKETEO. 



.7230 

•7575 
1 .0302 



Total N 
excseted 

IN GlAlfS. 



1.469 
1.456 
1.929 



Hippcsic Acid 
N: Total N. 



1 125.9 
1 :24.6 
1 :23.9 



Total nitrogen and hippuric acid Output maintain the same 
ratio throughout the above experiment. 

It may be estimated that casein yields 3.45 per cent. of gly- 
cocoll in metabolism as compared with 3.98 per cent. obtained 
when body proteid metabolizes in starvation (p. 64). This 
experiment seems remarkable because the chemist hasnotbeen 
ablc to obtain glycocoU from casein. 

Magnus-Levy,' apparcntly using the same method, finds 
that 25 to 27 per cent. of the total urinary nitrogen of rabbits 
fed with Cream and of a goat fed with hay is excreted in the 
form of hippuric acid. He calculated that only 4 per cent. of 
this could have been derived from glycocoll preformed in the pro- 
teid metabolized, but that 20 per cent. could have originated 
from leucin in passing through a glycocoll stage. Why Parker 
and Lusk obtained the 4 per cent. elimination and Magnus- 
Levy secured one of 25 per cent. is not at present clear. 

^ Parker and Lusk: "American Journal of Physiology," 1900, voLüi, p. 472. 
* Magnus-Levy: "Münchener med. Wochenschrift," 1905, Bd. lü, p. 2168. 
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The writer has unsuccessfuUy endeavored to bring about 
an elimination of cystein, the sulphur-containing Compound 
in the proteid complex, by constant treatment of a dog with 
benzol chlorid. It is possible that the bromid or iodid might 
be successfully used. 

Since the last sentence was written the work of Wolf* has 
been published, which shows that after frequent administration 
of benzol bromid to a dog, an artificial cystinuria is brought 
about. The benzol bromid unites with the cystein liberated in 
proteid metabolism and the Compound, a mercapturic acid, is 
eliminated in the uriine. In this way Wolf increased fourfold the 
unoxidized sulphur (cystein-S) in the urine, and nearly removed 
all the inorganic sulphate from the urine, although curiously 
enough there was a slight increase in the quantity of ethereal 
sulphates present. Polin and Aisberg' investigated a case of 
cystinuria and found similar relations. The increase in neutral 
sulphur was at the expense of alkaline sulphate in the urine. The 
cystein elimination was increased by increasing the proteid in 
the food. 

Friedmann' shows that the cystein of mercapturic acid is the 
same cystein as may be obtained on the cleavage of proteid in the 
laboratory. 

If cystein be administered to a normal person it is bumed and 
does not alter the normal relation betwecn oxidized and unox- 
idized sulphur in the urine.* 

That cystein is the mother substance of the taurin of the bile 
Friedmann* illustrates in accordance with the foUowing formulae: 

C H, SH C H, so, H CH2SO3H 

I I . I 

C HN H, +3 O = CHN H, — CO, = C H, N H, 

C OOH COOK 

Cystein. Cysteinic add. Taurin. 

'Mariott and Wolf: "American Medicine," 1905, vol. ix, p. 1026. 

* Folin and Aisberg: ** American Journal of Physiology," 1905, vol. xiv, p. 54, 
•Friedmann: ** Hofmeister's Beiträge," 1904, Bd. iv, p. 486. 

*Blum: Ibid., 1904, Bd. v, p. i. 

* Friedmann: Ibid,, 1902, Bd. iii, p. i. 
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The indications are that cystein is a normal product of pro- 
teid metabolism which a patient suffering from cystinuria is 
unable to burn. 

In a phenomenon called alcaptonuria tyrosin and Phenyla- 
lanin are oxidized only as far as the alcaptonic acids, which are 
uroleucinic and homogentisic acids, and in this form they appear 
in the urine. Their production from Phenylalanin according 
to Falta * is as f ollows : 




x\ 




HOi 



CHNH, 

I 
COOK COOK 

Phenylalanin. Phenyl-a-lactic add. 




OH 



HO/N 
l)0H 



CHOH 

I 
COOK 

Uroleucinic add. 



CH, 
COOH 



Homogentisic add. 



He finds that if Phenylalanin or t}Tosin are administered in 
alcaptonuria, they are completely converted into the alcaptonic 
acids and so eliminated. In alcaptonuria the ratio between 
homogentisic acid and nitrogen elimination in the urine is 
constant, being 45:100* while the distribution of the various 
other nitrogenous Compounds in the urine remains normal. 
Garrod and Haie' find the same ratio as above and believe with 
Falta that where this error in normal metabolism occurs it is 
complete in the sense that the homogentisic acid excreted repre- 
sents the whole of the tyrosin and Phenylalanin of the proteids 
broken down. 

Neubauer and Falta* have recently emphasized theidea that 
the alcaptonic acids are always formed in normal metabolism, 
but in this rare disease cannot be further oxidized. 



* Falta: "Biochemisches Centralblatt," 1904, Bd. üi, p. 175. 

' Langstein and Meyer: "Deutsches Archiv für klin. Med.," 1903, Bd. Ixxviii; 
. Schumm: "Münchener med. Wochenschrift," 1904, Bd. xxxvi, p. 1599. 

• Garrod and Haie: "Journal of Physiology," 1905, vol. xxxiii, p. 205. 

^Neubauer and Falta: "Zeitschrift für physiologische Chemie," 1904, 
Bd. xlii, p. 81. 
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Sugar, glycocoll, cystein, and the alcaptonic acids are there- 
fore products o£ proteid metabolism whose excretion may be 
brought about by special means or by certain pathological con- 
ditions. 

Kynurenic acid, which is frequently found in dogs' urine, 
has acquired new interest since Ellinger's ^ discovery that i£ a 
dog be given tryptophan — a product of proteolysis — the kynu- 
renic acid is greatly increased in the urine. Mendel and Jackson* 
found that the kynurenic acid elimination in dogs varied directly 
with the proteid metabolism but was not derivcd from gelatin 
metabolism. Ellinger' has fed a rabbit, whose urine normally 
contains no kynurenic acid, with tryptophan, and found kynu- 
renic acid in the urine. Rabbits, howcver, normally bum 
kynurenic acid when ingested in small amounts. He reaches the 
conclusion that animals in general may produce kynurenic acid 
from tryptophan in proteid metabolism, and that this is 
usually readily oxidized, except in the organism of the dog, 
where it is only partly destroyed and therefore appears in the 
urine. 

There is a nitrogenous end-product normally present in the 
urine the origin of which is obsaire, and this is Creatinin. 

Voit* found that while muscle contained creatin, the urine 
if it were acid contained Creatinin; otherwise creatin appeared. 
ürinary acid phosphate causes the dehydration of creatin into 
Creatinin in the kidney. Voit showed that ingested creatin was 
completely eliminated in the urine, and that the amount in the 
urine after meat ingestion was the quantity contained in the 
meat metabolized. 

Following this line of research. Gruber ^ gave a dog 1500 
grams of meat daily and noticed the constancy of the relation be- 
tween the total nitrogen and Creatinin in the urine. There was 
no relatively increased Creatinin elimination during starvation 

' Ellinger: "Zeitschrift für physiologische Chemie, "1904, Bd. xliii, p. 325. 

* Mendel and Jackson: "American Journal of Physiology," 1898, vol. ii, p. i. 

• Ellinger: Loc. cit. 

* Voit: "Zeitschrift für Biologie," 1868, Bd. iv, p. 77. 

• Gruber: Voit's Festschrift, " Zeitschrift für Biologie," 1901, Bd. xlii, p. 416. 
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following on a period of excessive Ingestion of meat which 
showed that creatin had not been stored up in the body. 
The results of these experiments are as foUows: 

CREATININ ELIMINATION AFTER MEAT INGESTION. 



Day. 


Food. 


N IH ClINE. 


^■ü™!.'"'' CeeatikiniN. 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 


1500 g. mcat. 

<( 
stan-ation. 


41.20 
47.60 

45-67 

11-35 
6.97 

5 0« 


3-916 
4.II9 

4-054 

0.478 

0.469 
0.569 


I : 10.52 
I :11.5s 
I : 11.26 

I : 23.74 
I : 14.85 
I : 10.53 



The complete climination of ingested creatin obsen^ed by 
Voit has been fuUy confirmed by Mallet.* 

Creatin, therefore, is not a precursor of urea, since it passes 
through the organism unchanged. Nor does the amount of urea 
produced influenae the elimination of Creatinin. Polin* has 
recently shown that on a creatin-free diet (such as milk and 
Cream) the amount of creatinin-nitrogen in the urine is 0.6 
gram, whether the total nitrogen in the urine be 16.8 or 3.6 
grams. Polin regards this small quantity of creatin as a con- 
stant product of the essential breakdown of living cell proteid 

(P- 293)- 

Ph. Munk' says that in convalescence the required amount 

of creatin is retained for the upbuilding of new tissue. Crea- 
tinin is absent in the urine of milk-fed children,* presumably 
for the same reason. It would be interesting in the light of 
Folin's work to see whether on a milk diet in convalescence 
Creatinin would disappear from the urine. Its absence would 
confirm Munk's theory. Cellular metabolism may perhaps 
prepare for new muscle protoplasm a constituent not imme- 
diately derivable from the milk casein. 

* Mallet: U. S. Dept. of Agriculture, 1899, Bulletin 66. 

* Folin: "American Journal of Physiology," 1905, vol. xiii, p. 117. 

* Munk: "Deutsche Klinik," 1862, p. 300. 

* Rietschel: "Jahrbuch für Kinderheilkunde/' 1905, Bd. xli, p. 4- 
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Creatin is the extractive existing in larger quantity than any 
other in muscle. It is one of the principal constituents of 
Licbig's extract of beef. Such an extract, which contains also 
xanthin, is not strictly a food, since its constituents are largely 
ready for elimination in the urine/ Bürgi' shows that if 
meat extract be administered it is excreted in the urine ex- 
cepting 4.57 per cent. of its nitrogen, 14.85 per cent. of its car- 

bon, and 17.55 P^^ ^^^^- ^^ ^^^ energy content. 

Its value lies in its flavor, which promotes the proper flow 
of the digestive Juices.* 

It may bc incidentally remarked that the principal value of 
"patent" foods lies in their flavor. If agreeable to the taste 
of the individual they usually afford a harmless indulgence. 
That beef, milk, cream, butter, and rice are eqüally suitable 
for all the purposes of proper living is a fact not sufficiently ad- 
vertised. The old-time fraud of "patent" foods being "brain 
restorers" is as foolish a Ue as can be written. 

Rubner* says that the rise of the curve of sulphur elimination 
precedes that of nitrogen, while that of the phosphate elimina- 
tion follows it. The experiment is on the dog already described 
(page 109) during the 6-hour periods following an ingestion of 
460 grams of washed meat. The following represents the per- 
centage elimination of nitrogen, sulphur and phosphonis during 
6-hour intervals on the third feeding day. Of loo per cent. 
there were excreted: 

N. 

During the first 6 hours 24.8 

second 6 '* 39.8 

third 6 " 23.6 

" fourth 6 " 11.8 

Sherman and Hawk,* however, give cur\'es showing beauti- 

» Rubner: "Zeitschrift für Biologie," 1883. Bd. xix, p. 343. 
' Bürgi: ''Archiv für Hygiene," 1904, Bd. li, p. i. 
"Voit: "Stoffwechsel," 1882, p. 449. 

* Rubner: "Energiegesetze," 1902, p. 368. 

* Sherman and Hawk: "Am. Jour. of Physiology," 1900, vol. iv, p. 43. 
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fully an almost parallel elimination of sulphur and nitrogen in 
man on a mixcd diet. A curve showing ihis is here presented; 




Fig. 7. — The curve» here shown represc 
Bvcragc rales of e^icretion of nilrogpn ana SO, 
percentages of an assumed slandard ral« ' 
enls. It will be secn ihal in gencnl thc 
paruikl to Ihat of nitrogen. 



the relative fluctuatioiu in thc 

The values on the left represcDt 

lion for each of these constitu- 

of sulphales ran quite closely 



This discussion of thc elimination of various intermediary 
products of proteid mctabolism lifts the veil from hiddcn 
factors suflicicntly to give a glimpse into a field of increasingly 
fruitful invcstigation. 

A question which has arouscd great interest has been that 
conceming the production of fat from proteid. Pcttenkofer 
and Voit ' found that after ingesttng considerable quantities of 
proteid, allhough the nitrogen of the proteid was eliminatcd in 
thc urinc, a part of the carbon was retained in the body and 
not cxcrt'tcd by the usual Channels, They estimated that meat 
Ijrotcid containcd 3.68 grams of carbon to each gram of nitrogen. 
If Icss than 3.68 grams of carbon appearcd in the total excreta 
whcn one gram of nitrogen was eliminatcd, then some pro- 
teid carbon must have been stored in the body. This carbon 
might have been retained in iwo forms— as glycogen or as fat. 
Claude Bcmard had shown that glycogen increases in the liver 
after the ingcstion of proteid. Thc retained carbon as ob- 



THE INFLUENCE OF PROTEID FOOD. 121 

sen-ed by Pettenkofcr and Veit was in such largc quantity as to 
preclude the possibility of its rctcntion entirely as glycogcn, and 
ihcrefore they concluded that fat must have bcen prepared from 
proteid and stored up in the body. This aflForded an experi- 
mental basis for the theory of a production of fat from proteid 
in fatty degeneration. 

Later Rubner/ in Voit's laboratory, showcd that the re- 
lation 3.68 C: i N in proteid, as used by Pettenkofer and Voit, 
was erroneous, and that meat fully extracted with ether contains 
only 3.28 of carbon to one of nitrogen. The polemical arraign- 
ment by Pflüger' of Voit's older work was based upon these 
results of Rubner. Instead of there being a great rctention of 
proteid carbon, there was none in some experiments and very 
little in others. The formation of fat from proteid was evidently 
less easy of demonstration than it had secmed. 

The subject was investigated anew by Crcmer,' who star\^ed 
a cat for many days, and then gave the animal all the lean meat 
it would eat, or about 450 grams a day. The c^t was kept 
in a respiration apparatus and the total excreta were coUected. 
The carbon belonging to the meat ingested was calculated at the 
low ratio of 3.18 to i of nitrogen. The average daily metabolism 
during the eight days of meat ingestion is indicatcd in the foUow- 
ing table: 

Weights in Graus. 

Meat C calcu- C from meat 

N in urinc C in lated from added to the 

and feces, Urine, Feces, Respiration, N excreted, the body, 

13.0 7.5 1.4 25.4 41-6 7.3 



34.3 

There was a daily excretion of 13 grams of nitrogen corre- 
sponding to the liberation of 41.6 grams (13X3. 18) of proteid 
carbon. But only 34.3 grams of carbon were actually elimi- 
nated from the body, and a difference of 7.3 grams was re- 

* Rubner: "Zeitschrift für Biologie," 1885, Bd. xxi, p. 324. 

* Pflüger: "Pflüger's Archiv," 1892, Bd. lü, p. 239. 

' Cremer: "Zeitschrift für Biologie," 1899, Bd. xxxviii, p. 309. 
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taincd in the body; 17.5 per ccnt. of the protcid carbon there- 
forc was not eliminatcd. For cight days the whole carbon 
retention was 58 grams, which corresponds to a glycogen produc- 
tion of 130 grams. The cat, however, contained only 35 grams 
of glycogen, determined after killing it at the end of the cxperi- 
ment. The balance of the carbon must have been stored as 
fat. 

Cremer* notes that a cat fed as above contains 1.47 per cent. 
of muscle glycogen, which is as much as the maximum (1.37 
per cent.) found by E. Volt in geese after the ingestion of starch. 

Since it is known that sugar in excess may be converted into 
body fat and that meat may yield 58 per cent. of sugar in metab- 
olism, there is every reason to believe that if proteid bc ingested 
in excess this sugar may be converted into glycogen and then, if 
the quantity be sufficient, into fat. 

It is quite possible that the origin of fat from proteid is in 
its nature the same as the origin of fat from carbohydrates. 

Rubner ^ has noted a similar carbon retention after the inges- 
tion of proteid in excess. Two examples of this may be cited.' 

The first experimcnt was upon a dog which had been reduced 
by starvation from a w^ight of 1 1 to 6 kilograms. He was then 
given 500 grams of meat a day. 

CARBON RETENTION AFTER PROTEID INGESTION. 



Day. 



Food. 



First Starvation. 

Second Starvation. 

Third 500 g. meat. 

Fourth 500 g. meat. 



N IN 

Ex- 

CRETA. 



13-05 
14.20 



C FROM 

Fat Meta- 

BOLISM. 



22.46 

1977 

(-0.87) 

(—2.41) 



Calor- 




Total 


lES 


Calories 


Cal. 


FROM 


PROM 


PROM 


Pro- 


Fat. 


Meta- 


teid. 




BOLISM. 


32.75 


275.2 


308.0 


38.00 


243-2 


281.2 


339.3 


—8.9 


330-4 


355-0 


24.9 


330.1 



Body 
Weicht 



5-94 
5.82 
5.86 
6.00 



This experiment shows that on the first day of meat ingestion 
0.87 gram of carbon from proteid was retained in the dog and on 

'Crcmcr: ** Zeitschrift für Biologie," 1899, Bd. xxxviii, p. 313. 
' Rubner: " Gesetze des Energieverbrauchs,*' 1902, pp. 57, 84. 
* For a third example see this book, table on p. 128. 
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the second day 2.41 grams were so retaincd. Rubncr* has 
calculated that the carbon in the respiration derived from pro- 
teid has a calorific value of 10.2 calories per gram. When pro- 
teid carbon is retained in the body, its heat equivalent must be 
deducted from the heat value of the proteid metabolism as com- 
puted from the nitrogen in the excreta, in order to obtain the 
true total of heat liberated. This heat value of retaincd carbon 
is a little above the calorific value of carbon in dextrose, which 
is 9.4 calories per gram. 

The second experiment which may be citcd was done by 
Rubner upon a large dog which was given 2000 grams of meat 
at a time. The results were as follows: 



CARBON RETENTION AFTER PROTEID INGESTION. 





Food. 


EXCKETA. 


Calories. 


Day. 


Kind. 


N. 


Cal. 


N. 


FatC. 


Proteid. 


Fat. 


Total. 


Fim 

Second 

TWid 


Starv. 

Starv. 
aooo g. 

meat. 

Starv. 
2000 g. 

meat. 

Starv. 


68 
68 


1926 
1926 


5.01 

5.10 

51.60 

12.39 
52.68 

12.18 


48.19 
49.90 
(-29.58) 

37 19 
(-26.58) 

36.82 


«2575 
138.00 

I35».9 

325-62 
1380.2a 

319.12 


592.72 
613.77 
305.66 

420.54 
—274.57 

452.89 


718.40 

741.77 

1046.34 


Fourth 

Fifth 


746.16 
1105.65 


Sixth 


77a.oi 







On both days when 2000 grams of meat were ingested, carbon 
was retaincd in the organism either as glycogen or fat. On the 
first of these days 17.7 per cent. of the total proteid carbon was 
retained, which corresponds to 17.5 per cent. found by Cremer 
in the cat during a prolonged period of proteid diet. The 
writer,on the basis of his work on diabetes, computes that 44 
per cent. of the total carbon in meat proteid may be converted 
into dextrose (p. 112). It is known that sugar is convertible 
into fat (p. 150). If 44 per cent. of proteid carbon may be 
converted into dextrose and under other conditions 17.5 per 
cent. may be converted into fat, it is evident that of the total 
dextrose-carbon which may be produced in proteid metabolism, 

* Rubner: "Zeitschrift für Biologie," 1885, Bd. xxi, p. 363. 
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40 per Cent, can bc converted into fat-carbon (p. 151). There 
seems to be no doubt that proteid may in part bc converted 
first into glycogen and then into fat after excessive proteid 
ingestion. The question of a "fatty degeneration'* of proteid 
under pathological conditions is another matter and will be con- 
sidered at another time. (See Chapter XII.) 

These last two experiments of Rubner's bring to light a very 
striking change in the metabolism after the ingestion of proteid 
in excess. The total heat production is markedly increased. 
To what may this be due? 

Mering and Zuntz * believed that such increased metabolism 
was due to the activity of the intestinal tract after the ingestion 
of food. 

Voit" criticised this view and said that a rise in the carbon 
dioxid excretion, from 366 grams in starvation to 783 grams 
after ingestion of meat in excess, was too great to be due to 
intestinal artivity, and, indeed, corresponded to the rise noted 
only after the hardest exercise. Furthermore, Voit had 
shown that after giving a medium quantity of fat, the carbon 
dioxid excretion and oxygen absorption were almost the same as 
in hunger, notwithstanding the activity of the filled intestine. 

This question has received very painstaking and elaborate 
investigation *at the hands of Rubner, who has published his 
results in a book entitled **Die Gesetze des Energieverbrauchs 
bei der Ernährung." This volume is an extension of a work of 
which a preliminary communication was published by Rubner* 
from Voit*s Munich laboratory in 1885. During subsequent 
years of continued activity the doctrines were more and more 
firmly established. 

Rubner shows that bones given to a dog will not increase his 
metabolism, in spite of the intestinal Irritation, so the increase 
after meat ingestion is not due to a nerve reflex of mechanical 

* Mering and Zuntz: *' Pflüger's Archiv/* 1877, B^- ^^» P- 634. 

' Voit: "Physiologie des allegemeinenen Stoflfwechscl," 1881, p. 209. 

* Rubner: "Sitzungsberichte d. kgl. bayr. Acad. d. Wissenschaft," 1885, 
Heft 4. 
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nature. Further, the metabolism is not raised after thc ingestion 
of meat extract, so the chemical Stimulus of flavors which Start 
activity in the glands does not aflfect total metabolism. Again, 
the ingestion of water in the quantity contained in meat, while it 
may cause a rise in nitrogen in the urine followed by a fall — the 
rise being due to a rapid washing out of nitrogenous decomposi- 
tion products — does not alter the total metabolism in any way. 

Rubner determined the starvation metabolism and used 
this as a unit for the measurement of the absolute "require- 
ment" of the organism. This "requirement" of energy may 
be met by the ingestion of an equivalent '^maintenance diet" 
which Covers the requirement. An "abundant diet" contains 
a larger amount of potential energy than the organism requires. 

Rubner at first found that if the food ingested had a lower 
calorific value than the body's requirement, then the metabolism 
was not usually increased after the ingestion. This is illus- 
trated in one of his earlier experiments ^ summarized below. 

Food. Metabolism in Caloribs. 

Starvation 867 

Bones, 40 grams 812 

Meatf 720 grams 836 

Meat^ 760 grams 875 

So if the food contains less than the energy requirement, the 
metabolism may not be increased in spite of activity of the glands 
and muscles of the intestinal tract. 

To explain this Rubner ' introduced his compensalion theory. 
This assumed a certain reciprocity between the muscles and 
the glands. During starvation and medium temperature, a great 
part of the body's heat is produced in the muscles, and those 
cells ordinarily concemed in taking up food are quiet and pro- 
duce little heat. On warming thc outside air the amount of 
metabolism in the muscles decreases. The same thing may take 
place when gland cells and intestinal musculature are thrown 
into activity, the voluntary muscles are proportionally relieved. 

» Rubner: " Zeitschrift für Biologie," 1883, Bd. xix, p. 349- 
' Rubner: "Die Gesetze des Energieverbrauchs," 1902, p. 8. 
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Quite a differcnt picture is presented whcn an abundant 
dict is supplied to the dog. If proteid above the calorific re- 
quirement be ingested there is a vcry considerable rise in the 
hcat production. This increase is greater in the case of proteid 
than with anv other foodstuff. Rubner calls this action of 
abundant proteid food in raising the metabolism the specific 
dynamic action of proteid. This action is shown in the two 
cxperiments of Rubner cited on pages 122, 12^. In thesecond 
experiment, the total metabolism during the stan^ation days is 
as foUows: 

First day 718.5 calories. 

Second day 741 .8 

Third day 746.2 

Fourth day 772.0 



44 



Rubner took the average of the last two days as representing 
the requirement in starvation, or 759.1 calories. After admin- 
istering 2000 grams of meat containing 1962 calories, or the füll 
starvation requirement and 153.7 per ccnt. besides, the heat 
production rose from 759.1 calories to 1046.34 and 1105.65 
calories, — that is, it increased 42.2 and 45.6 per cent. Rubner 
recalculated the calories produced by the metabolism during 
the experiment on the assumption that the carbon from pro- 
teid was retained as glycogen and not as fat, and in this way 
cstimated the increased metabolism after this ingestion of meat 
at 45.5 and 48.7 per cent. above the starvation minimum. 

Combining the results of such experinients, Rubner* finds 
the foUowing increasing specific djuamic eflfect of proteid as 
the quantity above the requirement becomes larger. 

ExrESR ABOVE Increasc in Heat 

Keqliremkkt. Production. 

56 per cent 19 per cent. 

90- " 35 " 

105 " 44 " 

153 " 49 " 

Here wcrc incrcases in total metabolism comparable to those 
induced by considerable mechanical work. The body metabo- 

* "Rubner: "Gesetze des Energieverbrauchs," p. 90. 
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lized in largely increased measure without doing any externa! 
work. 

A more rapid respiration alone betokened the increased 
oxidation and the effort of the body to rid itself of excess of heat 
through physical regulation. The temperature of the dogs 
scarcely changed, so perfect is the regulatory mcchanism for 
the discharge of heat. Thus in one dog the temperature was 
38.16° before the meal, 38.74° during the digestion, and 38.17° 
at the end of digestion. 

Rubner differentiated between three stages of proteid metab- 
olism. First, in the cases of undemutrition and of mainte- 
nance diet in which proteid enters into the circulation and spares 
an isodynamic quantity of the body substances; second, the State 
of abundant nutrition where the proteid raiscs the metabolism 
through its specific dynamic power; third, an intermediary stage 
where proteid may be added as tissue to the body without in- 
creasing the metabolism. This period of "pure dcposit" of tis- 
sue may rapidly pass into the stage of deposit united with specific 
action causing increase in combustion. It will be apparent 
later that the first and third states of proteid nutrition can be 
achieved only at low or medium tempcratures of environment. 

An example of the stage of the deposit of proteid tissue 
without a rise in metabolism is given by Rubner* as follows: 

N TO Body. Calories per Kg. 

Starvation 45-6i 

Starvalion 43.26 

Meat 4- 8.7 44.48 

Meat +4-7 46.16 

This kind of growth of tissue without a corresponding rise 
in metabolism takes place in the normal adult only when the 
proteid ingested is below the heat valuc of the fasting metabo- 
lism. If , however, a larger quantity of proteid be ingested than 
the heat requirement of the body calls for, then the usual 
specific dynamic action occurs and also a continued " secondary " 
rise in total day-to-day metabolism, which increases as long as 

* Rubner: "Gesetze des Energieverbrauchs,'* p. 256. 
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protcid is deposited. When nitrogenequilibrium iscstablished 
the hcat production remains constant at a higher level. 

Rubner^ illustrates this important fact in the following ex- 
periment on a dog: 

M^rrTc^yin. NTOBODV. Caoo» «, Body. Total ,^-o^,^ or 

o — 1.31 ... 310.61 

o — *-52 .-. 278.00 

4815 3-95 2.97 3"-43 

481.5 2.80 3.70 SSS'^^ 

481.5 2.30 1.61 368.41 

481.5 2.20 2.53 361.70 

481.5 092 445 375-47 

481.5 020 4.31 395-77 

o -370 • • • 357-20 

o -2.64 ... 310.29 

The constant deposit of proteid therefore continually raises 
the heat production in the organism until a point is reached 
when no more proteid is added to the body. This is the point 
of nitrogenous equilibrium, and is very quickly attained. It 
is evident that on a purely proteid diet no great addition of 
proteid tissue can ever take place in the adult on account of this 
secondary dynamic action, which causes a constantly increasing 
combustion, thercby bringing about nitrogenous equilibrium. 

Rubner shows that the retention of fat from proteid in the 
body has nothing to do with this action. Proteid retention is 
much more readily brought about on a mixed diet containing 
large quantities of carbohydrates, as will be seen in a subsequent 
chapter. 

Up to the present writing the influence of extemal tem- 
perature upon the course of proteid metabolism has not been 
discussed. Rubner has sho>\Ti that this is a factor of profound 
significance. It has already been demonstrated how, through 
chemical regulaHotty the basal requirement of the body is reflexly 
increased by increasing cold in the environment. Rubner* 
compared the star\4ng metabolism of a dog at diflferent tem- 
peratures with that of the same dog when 100, 200, and 320 
grams of mcat were ingested. The results are presented as 

* Rubner: *' Die Gesetze des Energieverbrauchs," 1902, p. 246. 
' Rubner: Ibid., p. 109. 
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follows in terms of calories produccd per kilogram of body 
weight: 

INFLUENCE OF EXTERNAL TEMPERATURE ON METABOLISM 

AFTER PROTEID INGESTION. 



Tempe&ature. 


Starvation. 


1 t 

100 Gm. Meat or • 200 Gm. Meat or 320 Gm. Meat or 
34 Cal. per Ko. 4S Cal. per Ku. 81 Cal. per Kg. 


..0 


86.4 
63.0 

55-9 
54.2 

56.2 


• • • • 

55-9 


77-7 
57-9 


87.9 

86.6 


/ •• 

I c- 


' D ••• 

20^ 

2^° 


76.3 


*J 

30® 


330 -"T--/ - - - - 

55-6 63.4 83.0 

1 



One hundred grams of meat did not change the metabolism 
at 20°, 25°, or 30°; 200 grams of meat had no effect at 20° or at 
7°, but at 25° and at 30® there was an increasc although the food 
contained fewer calories than the requirement. With 320 
grams of meat there was a great increase above the starvation 
requirement, except at 7°, whcre it is a maintenance diet and the 
metabolism remains unchanged. In other words at a tem- 
perature of 30° the specific dynamic action of this amount of 
proteid is capable of increasing the heat production above that 
of starvation by about 53 per cent., while at 7® there is no 
change whatever. It is also evident that at a high temperature 
even a small quantity of proteid such as 200 grams meat causes 
a considerable rise of metabolism. 

Rubner gives the metabolism in terms of calories per kilo- 
gram after the ingestion of 550 grams of meat or 173.8 calories 
per kilogram of body weight in a dog, as follows: 

550 Grams Meat. Increase. 



EMPERA- 
TDRE. 


Starva 

TION. 


4.2®... 


.128.1 


14.5".-. 
22.1*»... 

.^0.7^.. 


.100.9 
. 70.7 
. 62.0 



^335 
110.9 

lOI.O 

117. 2 



4.2 per cent. 

9-9 
42.9 
89.0 



<< 



{( 



<( 



These experiments make evident the extraordinary influence 
of variations in the surrounding temperature on the metabolism 
when the same quantity of meat is fed. The influence of tem- 
perature must therefore be continually kept in mind as a most 
9 
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important factor of the amount of the metabolism. Many ex- 
jKTimcnts rcported as having been done at the "room tempera- 
tiirc" have an indefinite value. 

An additional point of interest is that in certain cases the 
number of calories remains constant throughout the experiment, 
notwithstanding a Variation in the temperature. This is shown 
on p. 1 29, where the dog was given 320 grams of meat. The 
amount of the metabolism scarcely varied with the temperature. 
The chemical regulation, or the increased heat production 
brought about by a reduction of the surrounding temperature, is 
not evident in this casc. Here the fuel value of the food was equal 
to ihe requirement of the body even at a temperature of 7**. 

From the general results of these experiments Rubner^ 
deduces two important laws which govem metabolism as in- 
lluenced by temperature. Their significance will be better ap- 
prcciated in the analysis of the subject in the folloA^ing chapter. 

** The first law is that within limits normally compatible with 
lijcy warm-bloodid animals are capable 0} adapting tfteniselves to 
change in cxternal temperature through a reflex increase or de- 
crease oj the aclivity oj their heat-producing apparatus, For 
every State oj body substance and jor every temperature of the 
environment there is a definite amount of heat loss to which the 
organism — with the aid of its heatregulating apparatus — lends 
to approach. This may be called the minimal heat requirement. 
There is no law enforccd with greater severity or fatality. The 
starving man who lives on his own substance cannot remove 
himself from its influence. Inexorable until the last hour of life 

it demands fulfilment It kills the starving child in 

days, whilc it allows the starving adult weeks." 

''The second law conccrning the relation of extemal tem- 
])craturc to the organism is: The physical regulation can never 
enter as a factor unless the conditions of the first law are fully 
satisfied, i. e., until the heat production equals the requirement 
oj the organism. If, hvwever, the heat production be greater than 
corrcsponds to the minimal requirement for that temperature, then 

' Rubncr: " Die Gesetze des Energieverbrauchs," 1902, p. 160. 
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Ihe heai produclion wilhin certain Hmits remains indepmdenl oj the 
temperaiure. üttder these circumstances ihe keat produclion does 
Hol decrease on ratsing the exlemal lemperalure, and oniy increases 
when tkrougk increasing cold the former heat produclion no longer 
Covers the minimal requirement oj Ihe organism jor heai." 

This second law explains why in certain cases after food 
Ingestion the carbon dioxid excretion may remain constant 
with changing temperatures. Its action is seen in the dog 
mentioned on page 1 29, af 1er hc had eatcn 320 grams of meat at 
various temperatures. The increase in body mctabolism due 
to the Stimulus of cold (chemical rcgulation) is not necessary, 
since heat in excess of the requirement is already available. All 
that is needed is the arrangement of avenues of escape for the 
excess of heat produced from the food jngestcd (physical rcgula- 
tion), Thls physical regulation is brought about by the evapora- 
tion of water and by the distribution of the blood. 

How the incrcased evaporalion of water enters as a refrigerat- 
ing factor is beautifuUy showo in the experimcnt on the dog 
(p. 129) which fasted and then received 100, 200, and 320 
grams of meat at various temperatures. The distribution of 
the loss of heat by radiation and conduction and by the evapora- 
tion of water was as foUows : 



DlSTRIBUTIO^ 


OF 


HEAT 


LOSS 


FROM A DOG AFTER 


MEAT 






INGESTION. 






Hub 


.„, 


%^^r 1 %^^r 


•ISS" 


,™„„„. 


1 


h 

3" 


1 




1 


L 

il 
r 


4 


k 


j 


553 
45.3 
41.0 
3i-^ 


7-9 
7-7 

13-' 
23-0 


46.7 

J4-I 


1 (St. 


10.6 

"S.4 


78-3 
76.2 

343 


9-4 




9.1 


46.7 

45-5 


^'.".::.::::.'. 










48.S 
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It is evident f rom the above that the greater part of the loss 
of heat at a low tempcrature was by radiation and conduction, 
but at a high temperature (30®) the loss by the evaporation of 
water was largely increased. The increased heat production, 
on account of the specific dynamic action of the proteid, was 
lost through the increased evaporation of water. 

Much meat on a hot day would therefore seem contraindi- 
cated. 

While the chemical regulation protects the body from an 
abnormal fall in temperature, the physical regulation prevents an 
abnormal rise in temperature. The organism may be at times 
under the influence of one means of regulation, at times of the 
other, and without being conscious of any diflFerence. 

Cold-blooded animals have no chemical regulation, and 
their temperature falls with that of their surroundings. 

The foUowing chapter will more fully discuss the cause of 
the specific dynamic action of the foodstuffs. 



THE SPECIFIC DYNAMIC ACTION OF THE FOOD- 
STUFFS. 

A study of ihe specific dynamic action of protcid in its re- 
lation to temperature changcs ga\'c Rubner ' ncw points of vicw. 
He saw (experiment on p. 129) that by chemical regulation ihe 
metabolism in a fasting dog was increased from 54 lo 86 calories 
per kilogram, an incrcment of 32. And hc likewise observed 
afler the Ingestion of 320 grams of meat that the heat produced 
at a room temperature of 30° rose from 56 in starvalion to 83, a 
differcnce of 27 calories. The source of the increase through 
chemical regulalion is knoft-n to bc chicfly in the muscles. The 
increase brought about by protcid Ingestion had bcen shown by 
Rubner to be due not lo any such thing as intestinal activity 
(Dannarbeit) but rathcr to some specific hcat-raising effect of 
proteid metaboÜsm itself. It was apparcnt that these two 
sources of increased heat might enter into a reciprocal arrange- 
ment because on cooling the atmosphere in which the dog üved 
to 7° C, the metabolism, after the ingeslion of 320 grams of meat, 
rcmained at 87.9 calories in contrast with 83.0 on feeding at 
30°. Hcre the calories of Ihe specific d}*namic aclion were used 
in replacement of the calories through the chemical regula- 
tion. This illustrates Rubner's modified idea of bis compen- 
salion Iheory, or a reciprocily between heat produced in the 
muscles by chemical regulation and the exlra heat production 
brought about through the ingcstion of food. 

Since the estra heat production aftcr food ingestion could 
be utilized instead of heat from chemical regulation, Rubner 
perceived that the true increase through specific dj-namic action 
could be measured only at the temperature of 33°, where there 
was no reflex increase in metabolism through chemical regulation. 
'Ruhner: " Enciptgesctze," p, 145- 
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It was especially important to make experiments regarding 
the action of foodstuflFs at a temperature of 33**, for that is the 
temperature with which man surrounds his skin. By means 
of clothes and artificial heating man constandy tries to re- 
move himself from the influence of chemlcal regulation. His 
daily life is practically under the influence of a tropical climate. 
His metabolism is unchanged from the normal when he is im- 
mersed in a bath at 33°/ 

Rubner therefore planned an experiment in which a dog was 
kept at a temperature of 33^. At times the animal f astcd in order 
that the basal requirement could be determined, and during 
othcr definite periods, meat, fat, and carbohydrates, either 
alone or combined, were ingested, and the increased metabo- 
lism due to the varying dietaries was noticed. The experiment 
extended over a period of forty-six days. 

A summary of the results obtained is shown in the foUowing 
table and is graphically illustrated by the accompanying figure 
8, which has been taken from Rubner.' 

TABLE INDICATING THE SPECIFIC DYNAMIC ACTION OF DIF- 

FERENT FOODSTUFFS AT 33°. 

Valües in Calories per Kilogram Body Weicht. 



DiET* 



Hunger 
Require- 
ment. 



Food In- 

CESTI^D. 



Proteid 
Ingested. 



^ I 



100 per Cent, fat ., 
66 per cent. meat 
10 per Cent, meat 
90 per cent. fat.. 
20 per cent. meat 1 1 
80 per cent. fat.. J , 
100 per cent. meat .. 

Meat, fat, sugar I 

100 per cent. meat ..I 
Meat, fat, starch. 



87 f)er cent. sugar. . 
66 per cent. meat . . 



54-0 
53-5 

53-4 

52.5 

52.0 
51.0 
51.0 
50.0 
50.0 
50.0 



53-4 
37-7 

55-5 



5-1 



Metab- 

OLISM. 



60.9 
62.1 

60.6 



Increaseabovs 
Hunger in per 

CENT. 



12.7 
16.0 
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59-3 


lo.S 


63.6 


21.5 . 


63.0 


57-1 • 


73.8 


41.9 


50-8 


8.8 


55-6 


9.0 


60.3 


56.3 


073 


31-9 


48.0 


8.1 


53-0 


4.0 


43-6 


• • • 


5^-5 


50 


34.5 


31.6 


60.4 


20.8 



* Percentages arc in terms of the starvation requirement and are approodmate ooly. 



* Rubner: "Archiv für Hygiene," 1903, Bd. xlvi, p. 390. 
'Rubner: "Energiegesetze," p. 324. 
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It is clearly evident that meat ingestion raises the metabo- ^M 
isTTi most, fat next, and sugar Icast of all che foodstußs. The ^H 
ngestion of the starvation requirement for energy in the form ^M 
of fat raises Ihc metabolism 12.7 per cenl. During Ihc Iwo ^M 
periods when approximately 100 per cent. of the basal rcquirc- ^M 
menl was ingested as meat there was an average increase in ^| 
hc metabolism of 36.7 per cent. ^| 
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basal requirement in reality consisted of meat proteid contain- 
ing 92.06 per cent. of the energy and of fat containing the re- 
maining 7.94 per cent. Since the Ingestion of fat sufficient to 
provide 100 per cent. of the basal requirement for energy raises 
metabohsm 12.7 per cent., then fat sufficient to provide 7.94 
per cent. of the basal requirement must increase metabolism 
7.94 X 0.127 or i.oi per cent. 

Deducting this i.oi per cent. which is due to the specific 
dynamic action of the fat ingestion from the total increase of 
30.74 per cent. it is found that 29.73 per cent. increase is due to 
the 92.06 per cent. of pure meat proteid ingested. 

If 92.06 per cent. of meat proteid raises the metabolism 
29.73 per cent. then 100 per cent. of such proteid will increase 
it by 32.28 per cent. Using the same procedure in Computing 
the heat-raising power of two-thirds the basal requirement of 
energy for the dog, ingested in the form of meat, it was calcu- 
lated that if 100 per cent. of the requirement had been the 
quantity supplied the increase in the metabolism would have 
been 29.60 per cent. Rubner therefore found that — 

I. After ingesting meat in excess of the starvation metabo- 
lism, the specific dynamic action caused a heat increase of 32.28 
per cent. 

II. After ingestion of a smaller quantity the specific dynamic 
action similarly measured was 29.60 per cent. 

The average of these, or 30.94 per cent., represents the 
specific dynamic action of proteid or the increased heat pro- 
duction after the ingestion of meat containing 100 per cent. of 
the energy requirement, when the animal is outside of the 
influencc of the chemical regulation. 

In another case, after the ingestion of meat in large excess, 
Rubner finds the increase due to the specific dynamic action to 
be 32.2 per cent. The action of gelatin is similar, the increase 
in metabolism bcing 28.0 per cent. for every 100 calories in 
the gelatin ingested. 

Again Rubner^ has determined the amount of the metabol- 

* Rubner: "Energiegesetze," p. 370. 
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ism of a fasting dog and that of thc same dog made diabetic 
wilh phlorhizin (see p. 237). Under the latter circumstances 
the proteid metabolism is greatly increased. He found that for 
every loo calorics increase in body proteid broken down there 
was an increased heat production of 31.9 calories. Here was a 
rise in heat production not due to proteid ingestion and there- 
fore not due to intestinal work, but due to the mere fact of 
increased proteid metabolism in stan^ation. The specific 
dynamic action of proteid then may thus be tabulated: 

Increased Heat Piodüction ros every xoo Calories 
Incested or Metabolized. 

Meat proteid ^o.g 

Gelatin 28.0 

Body proteid (phlorhizin diabeles; 31.9 

Considering the conditions of experimentation these figures 
are wonderfully alike, and, if confirmed, will rank with the 
great achievements in the study of metabolism. 

Regarding cane sugar, the experiment shows that after its 
ingestion to the extent of providing 86.41 per cent of the starva- 
tion requirement for energy, the metabolism increased only 5 
per cent. It may be calculated that if 100 per cent. of the basal 
requirement had been given the increase would have been 5.8 
per cent. 

Summarizing, it is evident that if the same quantity of energy 
be contained in the ingested food as the body requires in starva- 
tion at a temperature of 33° C, there will be the following 
increases in heat production : 

Proteid 30.9 per cent. 

Fat 12.7 per cent. 

Cane sugar 5.8 per cent. 

The basal requirement in starvation at the temperature of 
33° cannot therefore maintain the body in calorific equilibrium. 
Rubner, however, calculates the following as the minima of 
ingestion for the three foodstuffs, when the hunger minimum is 
100: 
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Hunger minimum 100 

Proteid " 140.2 

Fat '* 114.5 

Cane sugar minimum 106.4 

In other words, if 100 calories be the starvatioQ requirement, 
140 calories must be supplied if calorific equilibrium is to be 
maintained by the Ingestion of proteid alone; whereas in the case 
of sugar, 106.4 calories are all that are required to prevent the 
loss of energy content from the body's material. That these 
results are not limited in their application is shown by Rubner's ^ 
experiment on a man who was given 120 per cent. of the starva- 
tion requirement of energy first in the form of sugar and then 
of meat. The metabolism was as foUows: 



Starvation 2042 calories in 24 houra. 

Sugar alone 2087 

Meat alone 2566 






As neither man nor dog ever lives on meat alone except under 
forced feeding, the results are not usually so pronounced as in the 
above case. Average dietaries, according to Rubner' show 
the foUowing distribution of percentage of calories: 

PERCENTAGE OF CALORIES IN DIFFERENT DIETS. 

Pboteid. Fat. Carbohydkates. 

I. — Well-to-do individual 19.2 29.8 5 1 .0 

II. — Workman 16.7 16.3 66.0 

III. — Extreme cases (poverty, etc.) 8.3 38.7 52.8 

It is possible to calculate the specific dynamic eflfect of such 
diets by multiplying the foodstuffs by their specific dynamic 
factor, — for example, 100 per cent. of proteid =30.9 per cent. 
increase; i per cent. = 0.309 per cent. increase, and therefore 
19.2 per cent. proteid in the food must cause an increase of 
0.309 X 19.2 = 5.93 per cent. in the metabolism due to the inges- 
tion of proteid in Dict I. 

Calculating the diets as above, the foUowing figures are 
obtained: 

* Rubncr: "Energiegesetze," p. 410. 
' Rubner: /6frf., p. 415. 
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I. Proteid 19.2 X 0.309 — 5.93 

Fat 29.8 X 0.127 — 3.77 

Carbohydrate 51.0 X 0.058 » 2.96 

+ 12.66 per Cent. 

n. Proteid 16.7 X 0.309 — 5.15 

Fat 16.3 X 0.127 " 2-o6 

Carbohydrate 66.9 X 0.058 » 3.88 

+ 11.09 per Cent. 

m. Proteid 8.3 X 0.309 — 2.56 

Fat 38.7 X 0.127 — 4.91 

Carbohydrate 52.8 X 0.058 » 3.06 

+ 10.53 P^r Cent. 

Thus, if the starvation requirement for energy be ingested 
the increase in metabolism would be: 



Diet 1 12.66 per cent. 

" II 11.09 

" III 10.52 

and from this it may be calculated that calorific equilibrium 
would be reached by ingesting the foUowing increases above the 
starvation requirement: 

Diet 1 14.4 per cent. 

" II 12.4 " 

" III II. I " 

On an average mixed diet the ingestion minimum is therefore 
between ii.i and 14.4 per cent. above the starvation requirement. 
This would be the maintenance requirement. (Rubner.) 

Should the fasting metabolism of a man be 2400 calories, 
the ingestion of food would act as foUows: 

Dirr I. Diet III. 

(i9.a)( protdd) (8.3^ Proteid) 

After ingestion of starvation 
requirement of energy 2 703 265 2 

After ingestion of mainte- 
nance minimum 2745 2666 

* That mixtures of the foodstuffs do act nearly after this 
fashion Rubner has proved. 

On account of the great specific d)niamic action of proteid, 
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Rubner would restrict its use in fever and Substitute carbohy- 
drates as the source of energy. 

During the heated term of midsummer, decreased proteid 
ingestion will materially improve the personal comfort by de- 
creasing the heat production and the consequent necessity for 
sweat production (p. 183). 

As to the cause of the specific dynamic action, Rubner oflFers 
this exptanation: The cells of an organism require a fixed 
quantity of potential energy which must be fumished to them 
in metabolizable Compounds. This quantity is the same for all 
temperatures and free heat cannot be employed for this purpose. 
The value of the foodstuflFs depends upon the potential energy 
they can give to the cells. If cane sugar is ingested, for example, 
3.1 per Cent, of its energy is dissipated as heat when it is inverted 
into levulose and dextrose. This heat cannot be used for the 
life processes in the cells. When proteid breaks up in metabo- 
lism, large quantities of sugar are produced. According to 
Rubner, this earlier metabolism of proteid )delds heat, but not 
energy for the cells. He thinks that the proteid sugar and pos- 
sibly other cleavagc Compounds may in this case be the true 
source of power for the living mechanism. The extra heat of 
the earlier process which is wasted when the environment has 
a temperature of 33°, may however be used as a Substitute in 
the place of the heat, which may be required by chcmical regu- 
lation. Here heat and not potential energy is required. Bear- 
ing these considerations in mind, foodstuffs are replaceable in ac- 
cordance with thcir specific respective equivalents. 

The theory may be schematically indicated as foUows: 

Stakvation Requikement of Potential Enescy by Cells— ioo Caloexxs. 
140 Calories in Proteid Meat Ingested. 

40 Calories » free heat über- 100 Calories « Potential en- 

ated in early cleavage, avail- ergy from proteid available 

able in replacement of heat for cell life. 

of chemical regulation. . 

From this it may be calculated that when proteid is metabol- 
izcd 71.4 per cent. of its energy content is available for cell life, 
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while 28.6 per cent. is liberated as free heat. It has been already 
shown that 52.5 per cent. of the energy contained in meat proteid 
may be liberated in dextrose in the organism (see p. 113), and 
this may be directly used by the cells. The balance of the 71.4 
per cent. of the directly available energy (=a residual 19 per 
cent.) is fumished by unknown Compounds. As regards the 
source of the free heat the writer believes that it may be largely 
derived from the denitrogenization of the amino cleavage prod- 
ucts of proteid metabolism. If one considers the case of 
alanin, which is known to be converted into lactic acid and am- 
monia by hydrolysis in the organism (p. 232), it is found that 
one gram of alanin with a calorific value of 4372, is almost ex- 
actly converted in one gram of lactic acid with a calorific value 
of 3661^ (Berthelot). Here occurs a loss of heat equal to 16 
per cent. The energy of lactic acid may be used by the cells 
either directly or through the conversion into dextrose (see p. 247), 
but it is quite conceivable that the heat liberated in its produc- 
tion from alanin cannot be so used. This elementary example 
would serve to explain the principle of the specific dynamic 
action of proteid in the light of most recent knowledgc. It 
may also be possible that such a cleavage as that when leucin is 
converted into acetone and alanin (p. 232) may liberate free heat 
of similar physiological value to the above. 

* Dr. F. G. Benedict very kindly sends mc Information from which a 
calorific value of 3608 may be calculated for i gram of lactic acid present in 
the commerdal product. 



CHAPTER VII. 



THE INFLUENCE OF THE INGESTION OF FAT AND 

CARBOHYDRATE. 

In a previous chapter it was shown that the amount of fat 
in the fasting organism materially afiFected the amount of protcid 
buraed. Where there was much fat present little proteid was 
consumed; where there was little fat, much proteid bumed; 
and where there was no fat, proteid alone yielded the energy 
necessary for life. 

The ingestion of fat alone will not prevent the death of the 
organism because there is a continual loss of tissue proteid from 
the body, which finally weakens some vital organ to such an 
extent that death takes place. 

In a fasting animal which still contained fat, Voit * found that 
the ingestion of loo, 200, and 300 grams of fat scarcely influenced 
the proteid metabolism. The latter was slightly increased, if 
anything. Voit's table is as foUows: 



Fat. Urea. 

o 11.9 

o 12.0 

100 12.0 

200 12.4 



Fat. 

300. 

o. 

o. 



Ukea. 
.12.0 
.11.9 
.11.3 



To anothcr dog which in starvation bumed 96 grams of fat, 
IOC grams were given with the result that he then bumed 97 
grams. The conditions of the metabolism in both cases "were 
therefore identical. The fat ingested simply bumed instead of 
the body's fat, but the total amount of proteid and fat bumed 
remained the same. Only on giving large quantities of fat 
were both fat and proteid metabolism increased. 

One reason why the ingestion of fat up to the requirement 
does not alter the metabolism may be found in the Observation 

* Voit: "Physiologie des Stoffwechsels und der Ernährung," 1881, p. laS. 

142 
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of Schulz* that in starvation there is an increase in ihe quantity 
of fat in the blood, and of Rosenfeld' that the amount of fat in 
the liver increases. He finds that a fasting liver contains lo per 
Cent, of fat. If carbohydrates or proteid (which yields car- 
bohydrate in metabolism) be ingested, the fat content falls to 
6.2 per Cent. If fat be given to a fasting dog, the liver may 
contain 25 per cent. of fat; but if carbohydrates are ingested at 
the same time, the liver does not retain the fat, which must be 
deposited clsewherc. Thus, in the liver there is an antagonism 
between glycogen deposit, which foUows carbohydrate ingestion, 
and fat deposition. 

Meischer found fat globules in the muscle cells of salmon 
after their five to fifteen months' fast in fresh water, during 
which time they had laid their eggs. It is undoubted that the 
deposits of fat in the adipose tissue of these fish are drawn on in 
starvation, and that the blood then carries to the hungry cells all 
the fat they require for their continued function. It seems 
that the fat supply to the cells is regulated by the quantity of 
other foods available, and that cven in starvation there is at 
first ample fat to meet the requirement of the organism. These 
are important principles which will be further discussed when the 
subject of fatty infiltration is considered. (See Chapter on 
Diabetes). 

As explained in Chapter VI, the small increase in metabo- 
lism after the ingestion of fat above the requirement has led 
Rubner' to determine accurately its specific dynamic action. 
The metabolism does not rise so greatly after the ingestion of 
fat as it does on a proteid diet. If the hunger minimum of calo- 
ries at 33° be 100, then 114.5 calories must be ingested in fat if 
a maintenance diet is to be given. This encrgy requirement is 
140.2 in the case of proteid diet. Proteid therefore causcsa much 
higher heat production than does fat. The influence of extemal 
temperature on the heat production after ingesting fat above 

' Schulz: "Pflüger*s Archiv," 1896, Bd. Ixv, p. 299. 

' Rosenfeld: "Ergebnisse der Physiologie," 1903, Bd. ü, I, p. 86. 

' Rubner: •* Energiegesetze," 1902, p. 353. 
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the requirement is similar to that after mcat Ingestion, only not 
so pronounced. Rubner* gives the foUowing table, showing the 
eflfect of the Ingestion of 1 71.3 calories in fat per kilogram of dog: 

SPECIFIC DYNAMIC ACTION OF FAT. 

17X.3 calories in fat per kg. dug were ingested. 

Calories per Kilo. 
Tempesature. STARVAnoN. After Fat Ingestion. Increase. 

2.7° 152. 1 155-5 + 2.2 ix?r ccnL 

15-5° «31 93-4 +12.4 

31-0** 64.5 79.9 +23.9 

At 2.7® the excess ingested above the requirement amounted 
to 12.6 per Cent., and the increase in heat production was 2.2 
per Cent. 

At 31° the excess of food calories above the requirement was 
165 per Cent, and the increase In heat production was 23.9 per 
Cent. In this instance 100 per cent. of the requirement may be 
calculatcd to raise the metabolism 14.4 per cent. at a tempera- 
ture of 31®. This represents the specific dynamic effect of fat 
on the metabolism. As in the cases of the other foodstuflFs, 
this action is to be explained by a production of heat in early 
cleavage processes which is not directly available for the cells 
of the organism, 

It has already been demonstrated that less proteid is bumed 
In starvation w^hen the body is fat than when it Is lean. It 
would therefore seem that if proteid and fat were ingested to- 
gether, a similar reduction In the amount of the proteid require- 
ment would be effected (Volt). 

It has been shown In a previous chapter that nitrogenous 
equilibrium can be maintalned in a dog only after the Ingestion 
of three and a half times the quantity of proteid destroyed In 
starvation (sec p. 100). 

E. Volt and Koi-kunoff,^ continuing these experiments, find 
that If fat and meat be ingested together, the quantity of the 
former necessary to establish nitrogenous equilibrium Is reduced 
to between 1.6 to 2.1 timcs the starvation minimum. Much 

* Rubner: "Energiegesetze," 1902, p. 119. 

» Voit and Korkunoflf: "Zeitschrift für Biologie," 1895. Bd. laxii, p. 117. 
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less proteid food is therefore required to maintain the body's 
proteid when it is ingested with fat than when it is given alonc. 
In consequence of this, proteid is more readily addcd to the 
body when fat is ingested with it, as is seen in the foUowing ex- 
pcriment of Rubner* on a man. 

INFLÜENCE OF FAT INGESTION ON NITROGEN RETENTION. 





Food. 




N. Mftabolisu. 


N. 


Fat. 


1 1 
Cakbohydkates. N in Exc reta. ; N TO Body. 

1 


23.6 

235 
23.0 

^34 


99. 

195. 
214. 

350- 


260 
226 
221 

234 


26.36 

21-55 
18.5 

17.6 


—3-64 
4-1.81 

4-4.13 
4-5-75 



With increasing quantities of fat there is an increasing 
addition of proteid to the body. 

It has already been shown that proteid ingested alone in large 
quantity establishes nitrogen equilibrium at a higher Icvcl, 
constantly raising the amount of heat produced until nitrogenous 
equilibrium, is reached (the secondary dynamic rise, p. 128). 

The same destruction of the easily bumed proteid takes 
place when it is given with fat, as was shown by Voit * in the 
foUowing experiment on a dog: 

THE "SECONDARY RISE" IN PROTEID METABOLISM ON A 





MEAT-FAT DIET. 






(Wdghts 


in Rrams.) 




Food. 






Meat. 


Fat. 


Urea. 


Flesh to Body 


1800 





127.9 


26 


1800 





127.6 


26 


1800 

• 


250 


II 7.9 


162 


1800 
1800 


250 
250 


"3-5 
120.7 


}i7i 


1800 
1800 


250 
250 


"5-7 
119.7 


}i64 


1800 


250 


1275 


1 


1800 


250 


130.0 


/ " 



* Rubner: Von Lcydcn's "Handbuch der Ernährungstherapie," 1903, Bd. 
l P. 43- 

' Voit: Hermann's Handbuch, "Physiologie des Stoffwechsels," 1881, p. 131. 
10 



146 SCIENCE OF NUTRITION. 

A prolonged deposition of proteid in the normal axlult, even 
when fat is given with it, is demonstrably impossible. 

The question arises, does the ingestion of large quantities of 
fat also cause an increase in the metabolism until fat combustion 
is balanced by its ingestion ? 

Rubner* has shown that this is not the case. He cites the 
record of the following long respiration experiment on a dog 
which was given 80 grams of meat and 30 grams of fat daily: 

ABSENGE OF THE "SECONDARY DYNAMIC RISE" IN FAT METAB- 

OLISM ON A MEAT-FAT DIET. 

(Fat being t^vcn in excess of the requircment.) 

Calokies or Metabolisii. 

Proteid Fat. Total. 

97.2 I7VO 270.0 
83.0 17&.0 261.1 

89.3 173.5 262.7 
85.6 163.2 248.9 
87.8 169.0 256.8 
83.0 159-6 242.6 

74.4 171.7 246.2 
78.0 1 78.4 256.3 
80.0 179*6 259.7 

The diet was 58.7 per cent. above the starvation requirement. 
It contained 354 calories of which 21.5 per cent. were in proteid. 
The mean heat production during the period of ingestion of 
food was 256.0 calories, and in the following starvation days 
223.2 calories, showing an increase in metabolism of 11. 2 per 
cent. caused by an excess in food of 58.7 per cent. During 
the later days the animal was in nitrogenous equilibrium. 
Notwithstanding an excess of fat in the diet, and a continued 
deposit of fat in the body, there was no increase in the metabo- 
lism during the time of experimentation. The secondary dy- 
namic action noted by Rubner as regards proteid does not 
thereforc take place as regards fat. The storage of fat in the 
body is consequently a matter of comparative ease. 

Rubner^ has compared the metabolism of a boy who was 
obese with that of his brother who was a year older, but thin. 

* Rubner: "Energiegesetze," 1902, p. 251. 

' Rubner: " Beiträge zur Ernährung im Knabenalter," 1902. 
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They were the children of parents of limited means and would 
not naturally be overfed. The interesting point of the experi- 
ment was whether obesity was due to a reduced metabolism 
with the consequent deposition of fat. Each boy was given a 
maintenance diet, or one which balanced his metabolism, with- 
out adding or subtracting from his body substance. The 
general results are as follows: 

Fat Boy. Thin Boy. 

Age in years 10 11 

Weight in kilograms 41 26 

Total calories of metabolism. . .1786.1 1352. i 

Calories per kilogram 43.6 52.0 

Calories per sq. m. surf ace 1 32 1 . 1 290. 

The comparison shows that the fat brother had a larger total 
metaboUsm than the thin one, but the fat boy also had the 
larger surface. Per Square meter of surface the metabolism 
was the same. The gradual increase in the area of the body 
caused by filling out the fat cells may therefore increase com- 
bustion, but this is not due to the specific action of the fat on 
metabolism as in the case of the secondary dynamic rise after 
proteid ingestion, but rather to the increase in the size of the 
body. Carbohydrates, which in exccss are converted into fat, 
must behave in the same way. 

It will be noticed that in the experiment where 80 grams of 
meat and 30 grams of fat were daily ingested, although the pro- 
teid metabolism gradually feil, the fat metabolism gradually 
rose, and in isodynamic relation to the fall in proteid. Allowing 
for the diflference in specific dynamic action proteid and fat 
replace each other in metabolism in isodynamic quantities. 

Up to the present the discussion of metabolism has been con- 
fined to the combustion of proteid and fat in starvation and after 
their ingestion. There is, however, another grcat class of food- 
stuffs which in man play a predominant part in nutrition, — the 
carbohydrates. 

Starch, milk sugar and cane sugar are all converted into 
monosaccharids in the intestinal tract, and dextrose, galactose 
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and levulose, formed from them, have similar physiological 
value in the celk. AU three are glycogen formers, and thus 
galactose and levulose may be partly converted into dextrose 
through the glycogen stage. 

It has already been noted that starvation greatly reduces the 
quantity of glycogen in the animal body. If under these cir- 
cumstances dextrose, levulose, or galactose be ingested in con- 
siderable quantity and the animal be killed eight hours after the 
experiment, large quantities of glycogen are found stored in 
the liver and muscles. The amount in the liver may be as high 
as forty per cent. of the dry solids of that organ/ The quantity 
found is much more than could have originated from the pro- 
tcid metabolism of the time. There is therefore no doubt that 
these sugars are directly converted into glycogen through 
dehydration. 

The quantity of glycogen present in a living animal cannot 
be accurately estimated. Schöndorf' gave seven dogs rieh 
carbohydrate diets for several days and found that the quantity 
of glycogen present in their bodies varied between 7.59 and 37.87 
grams per kilogram. 

The distribution of this glycogen in 100 grams of the fresh 
tissue varied as foUows: 

Maxhcum. MiNnivM. 

Liver 18.69 7.3 

Muscle 3.72 0.72 

Heart 1.32 0.104 

Bone 1.90 0'i97 

Intestines i .84 0.026 

Skin 1.68 0.09 

Brain 0.29 0.047 

Blood ^. 0.0066 0.0016 

The traditional distribution of glycogen, one-half to the liver 
and one-half to the rest of the body, Schöndorf shows to be in- 
correct. For 100 grams of liver glycogen there occurred in the 
rest of the body the foUowing amounts: 

» Voit: "Zeitschrift für Biologie," 1891, Bd. xxviii, p. 245. 
»Schöndorf: "Pflüger's Archiv," 1903, Bd. xdx, p. 191. 
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Dog 1 3q8. grams. 

" II 279. " 

•• III 87. " 

" IV 76. •' 

" V., 159. •' 

" VI.: 355. •• 

" VII 105. " 

It is an interesting Observation of Külz* and of Jensen' that 
an active organ like the heart maintains its normal glycogen 
content even after fifteen days of starvation. 

In the various discussions on the subject of glycogen it has 
been shown that in starvation, and after proteid and sugar In- 
gestion, there is glycogen present in the body, — a constant 
supply always ready for emergencies, which can be reduced 
through exercise but which is only to be completely removed 
by tetanic convulsions (p. 71). 

The writer has here avoided the discussion of a production 
of sugar from fat. To his mind the evidence is negative, as 
will be demonstrated in the Chapter on Diabetes. 

If carbohydrates be ingested alone immediately after star- 
vation the proteid metabolism may fall below the starvation 
amount. This appears in the experiments of Voit* who gave 
a fasting dog 500 grams and noticed a fall in proteid metabolism 
from 181 to 170 grams. 

Rubner* was able to reduce the nitrogen in the urine of a 
fasting man from 11.9 to 6.3 grams, or nearly one-half, by 
causing the subject to ingest carbohydrates alone. 

This higher proteid- sparing property gives to dogs fed on 
carbohydrates alone a longer lease of life than those fed on fat 
alone, although the ultimate outcome is the same. 

The effect of feeding with easily absorbable sugar in excess 
is shown in the following experiment of Rubner^ on a dog: 

* Külz: "Festschrift zu Ludwig," 1891, p. 109. 

' Jensen: "Zeitschrift für physiologische Chemie," 1902, Bd. icxxv, p. 525. 
' Voit: Hermann*s Handbuch, "Stoffwechsel," 1881, p. 140. 

* Rubner: von Leyden's Handbuch, 1903, vol. i, p. 44. 

* Rubner: "Die Gesetze des Energieverbrauchs," 1902, p. 341. 
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INFLUENCE OF CANE SUGAR ON THE METABOUSM OF A DOG. 



Food. 



Starvadon 

Starvation 

85 grams cane sugar . 
HO " 
HO " 
120 " 
Starvation 





C Retained 






N inEx- 


FROM Garbo- 


Cal. 


Cal. FROM 


CRCTA IN 


Hydrates IN 


FROM 


Fat or Car- 


Geams. 


Grams. 


Proteid. 


BOHYXMtATES. 


X.92 


48.0 


203.4 


1.82 


• • • • 


45-5 


208.0 


0.91 


xo.xS 


22.7 


224.4 


0.72 


17.81 


18.0 


2459 


0.56 


17.61 


14.0 


247.7 


0-53 


6.70 


132 


.... 


0.69 


.... 


17.2 


208.8 



Calories, 
Total. 



251-4 

2530 
247.1 

263.9 

261.7 

226.0 



The proteid metabolism may thus be reduced to one-third 
the fasting value, a result also obtained by Landergren* and 
by Polin* in man. 

The quantity of sugar utillzcd by Rubner's dog was 35.7 to 
80.6 per Cent, above the starvation requirement for energy (the 
cane sugar eliminated in the urine was deducted from that 
ingested, in order to determine the quantity utilized). The 
cxperiment was done at 33^, and the specific dynamic action of 
the cane sugar may be calculated as raising the metabolism 5.36 
per cent. on an average. 

This experiment illustrates the ready retentioü of carbo- 
hydrate carbon in the body. It is well known that such carbon 
may be stored in the body as glycogen, but its retention often 
exceeds the animal's ability to hold glycogen. 

Voit, when he wrote his " Physiologie des Gesammt Stoff- 
wechsels und der Ernährung," in 1881, was unable to give 
definite proofs of the conversion of carbohydrate into fat in 
the organism, although such conversion was popularly believed 
to tak: place. 

Definite proof of the conversion of carbohydrates into fat 
was afforded by Meissl and Strohmer* who gave a pig, weighing 
140 kilos, two kilograms of rice daily, and collected the carbon 

' Landergren: "Skan. Archiv für Physiologie," 1903, Bd. xiv, p. 112. 
' Folin: "American Journal of Physiology," 1905, vol. xüi, p. 45. 
' Meissl and Strohmer: "Sitzungsberichte der k. Acad. d. Wissenschaften," 
1883, Bd. Ixxxviii, III Abtheilung. 
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and nitrogen of the excreta by means of a Pettenkofer-Voit 
apparatus. The results were as follows: 

Carbon. Nitrogen. 

Ingested in food 765.37 18.67 

Excreted 476.15 12.59 

Balance retained in the body 289.2 2 6.08 

The nitrogen retained represented 38 grams of proteid con- 
taining 20.1 grams of carbon; 269.12 grams of retained carbon 
were therefore available for glycogen or fat construction. Since 
the amount of carbon retained exceeded the possible glycogen 
formation, fat must therefore have been addcd to the body. 
Had all the carbon retained been converted into fat it would 
represent a production of 343.9 grams of fat. This indicates a 
possible conversion of 21.5 per cent. of the starch ingested into 
fat. 

Similar experiments were made with geese by E. Voit and 
C. Lehmann.* The geese were starved four and a half days 
and were then fed with rice. 

One of these respiration experiments which lasted thirteen 
days has recently been published' and is as follows: 

Nitrogen. Carbon. 

In the 2609 grams of rice 41-47 ii59-7 

In the excreta — 

Urine and feces 45-39 i34«8 

Respiration 657.8 

Total 45-39 792-4 

Change in the body — 3.92 + 367.3 

At the commencement of the experiment the animal weighed 
4 kilograms. There was no proteid retention, but 31 per cent. 
of the carbon ingested was not egested. The proteid metabo- 
lism could not nearly yield enough carbon to account for that 
retained. As the rice contained but 0.51 per cent. of ether ex- 
tract the retained carbon could not have been administered in 
the form of fat. If 367.3 grams of carbon had been retained 

* Voit: "Sitzungsberichte der kgl. bayr. Acad. d. Wissenschaft," 1885, p. 288. 
s Lehmann and £. Voit: "Zeitschrift für Biologie/' 1901, Bd. zlii, p. 644. 
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in the form of glycogen this would have aggregated 851 grams, 
or twenty per cent. of the whole goose. This is a manifest im- 
possibility since E. Voit* found only 2.2 per cent. of glycogen 
in a goose which had been largely fed on rice. Since the carbon 
retained could not have been stored as glycogen, the only alter- 
native remaining is to assume its retention as fat. 

Rubncr at the same time showed the same principles to be 
true in the case of the dog. 

It is evident, thcn, that pigs, geese, and dogs can convert car- 
bohydratcs into fat. The fattening of cattle may bc similarly 
accompHshed. Weinland' has expressed from living ascaris 
fcrments which convert glycogen into dextrose and then into 
valcrianic and possibly caproic acids, — 0.8 gram of dextrose 
yields 0.3 gram of valerianic acid. 

This is suggestive of a widcspread biological capability. 

When carbohydrates are converted into fat in the organism 

the respiratory quotient (voiuSfo, * see p. 27), may rise very 
considcrably above unity. This is for the reason that an 
oxygcn rieh substance like dextrose is being converted into 
substance which is poor in oxygen. This intramolecular 
oxygcn derived from dextrose becomes available for carbon 
dioxid production and the requirement for inspired oxygen 
diminishes. Hence the volume of expired carbon dioxid may 
be grcater than the volume of inspired oxygen. Max Bleibtreu' 
found that the respiratory quotient of a goose which had been 
stuffed with grain was 1.33, whereas the same goose when 
fasting showed a normal quotient for that condition of 0.728. 
Pcmbrcy* dcscribes how marmots previous to the winter hiber- 
nation instinctively devour large quantities of carbohydrate food, 
and how the respiratory quotient may rise even ashigh as 1.39. 
This indicates a fat production foruse during the winter. 



» E. Voit: ••Zeitschrift für Biologie," 1888, Bd. xxv, p. 543. 

' Wcinland: " Zeitschrift für Biologie," 1901, Bd. xlii, p. 55; Bd. xliii, p. 86; 
1903, Bd. xlv, p. 113. 

* Bleibtreu: "Pflüger*s Archiv," 1901, Bd. Ixxxv, p. 345. 

*Pembrey: '* Journal of Physiolog}'," 1901, vol. xxvii, p. 407. 
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Johansson, Billström and Heyl* have shown that if 50 to 200 
grams of cane sugar be given a fasting man, thc carbon dioxid 
Output increases from 22.6 grams per half hour to about 30 
grams per half hour. The larger Ingestion does not produce 
a higher elimination of carbon dioxid than docs the smaller 
amount. This indicates the evenness with which sugar enter- 
ing the blood-stream is utilized by the organism. If sugar be 
present in excess it may be stored as glycogen until it is needed 
by the cells. The increased carbon dioxid Output does not 
mean increased metabolism in the sense of increased heat pro- 
duction, but the increase due to the destruction of carbohydrates 
instcad of fat in the production of the same amount of heat. 

The truth of this is illustrated by Rubner's ' experiment 
on a man in which he compared the production of energy in 
starvation with that produced aftcr the ingcstion of one and 
one-fifth that requirement in the form of cane sugar. For the 
sake of emphasis the metabolism after giving one and one-fifth 
the starvation requirement in the form of mcat is also printed: 

Starvation 2042 calorics. 

Sugar (120 per cent. of rcquiremenl'i 2087 calories. 

Meat (120 per cent. of requirement) 2566 calories. 

It has been scen that carbohydrates ingcsted alone diminish 
the proteid metabolism. This reduces the specific dynamic 
action of proteid in the general metabolism and the small specific 
dynamic action of sugar scarcely changes the total metabolism 
from the starvation requirement. 

Any excess of sugar above the requirement for energy is 
retained in the body either in the form of glycogen or as fat. 

The contrast given above between thc results of the inges- 
tion of carbohydrates and of meat is extremely striking. 

It is evident that the carbohydrate food protects proteid 
tissue from waste easier than other foodstufls, and as a fuel is 
the most economical. 

* Johansson, Billström and Hcyl: "Skan. Archiv für Physiologie," 1904, 
Bd. xvi, p. 263. 

' Rubner: "Energiegesetze,'* 1902, p. 410. 
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When carbohydrates and proteid are ingested together in 
quantity sufficient for the requirement of the organism, it has 
been found that, taking the starvation proteid metabolism as 
one, nitrogen equilibrium can be maintained by ingesting one 
part of proteid/ 

The work of Siven' however was the first indication that 
nitrogen equilibrium may be maintained at even a lower level 
than that ordinarily present in starvation. A somewhat under- 
sized healthy man weighing 60 kilograms, who normally ate a 
mixed diet containing 16 gramsof nitrogen, was given less and less 
proteid and an attempt was made to establish nitrogen equilib- 
rium at lower and lower levels. The daily ration was rieh in 
carbohydrates and yielded 2444 calories. This must have been 
considerably in excess of the requirement. 

The experiment was divided into four periods of about a 
week each, which may be summarized as foUows: 



Length in Days. 



! Days until N 
N IN THE Food. ' Equilibrium 
I WAS Obtained. 



I, 7 ".69 

II, 8 ' 10.40 

III, 6 ' 8.71 

IV, 6 i 6.26 



X 
X 

at oncc 
3 



N LOSS BErORK 

N Equilibrium 
WAS Obtained. 



0-53 
0.34 

• « • 

2.09 



Total Nto 
Body. 



+9-73 
+6.04 

-I-4-39 
-0.58 



It is apparent that nitrogen equilibrium may bc established 
after ingesting 6.26 grams of nitrogen, although, as has been 
Seen, the elimination during the early days of starvation in man 
is usually 10 grams. During the first three periods of reduced 
proteid intake, as mych as 20.16 grams of proteid nitrogen were 
actually added to the body. In a fifth period nitrogen equilib- 
rium was obtained on the fourth day on a diet containing 4.52 
grams of nitrogen. 

The susceptibility of the proteid metabolism to sudden 
withdrawal of carbohydrates was showTi by Lusk* upon himself. 
Nitrogen equilibrium was nearly established in two different 

' E. Veit and Korkunoff : Loc. cit. 

' Siven: "Skan. Archiv für Physiologie," 1900, Bd. x, p. 91. 

• Lusk: "Zeitschrift für Biologie," 1890, Bd. xxvii, p. 459. 
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experiments at diflferent levels with the ingestion of 20.55 ^^^ 
9.23 grams of nitrogen respectively. In the first experiment 
withdrawal of 350 grams of carbohydrates from the mixed diet 
caused a rise in nitrogen metabolism from 19.84 to 27.00 grams, 
incurring a loss of body nitrogen of 6.45 grams. In the second 
experiment withdrawal of the carbohydrates increased the nitro- 
gen excretion from 11.44 to 17.18, a loss to the body of 7.95 
grams. The losses are for the second day after the withdrawal 
of the carbohydrates, since the metabolism remains under the 
influence of the glycogen supply during the first day. 

Subsequent experimentation has sho\Mi that partial re- 
placement of carbohydrates by fat in the diet may have no in- 
fluence, or only a transitory one, upon the amount of protcid 
metabolized. This is of value in practical dietetics. Tallquist* 
established nitrogen equilibrium in a man with a diet containing 
about 16 grams of nitrogen, 10 per ccnt. of the calorific value 
being contained in proteid and 90 per cent. in carbohydrates. On 
replacing one-third of the carbohydrate calories in the diet 
with fat calories an increased proteid metabolism was observed 
for two days, followed by nitrogen equilibrium on the third day. 
The food given contained 35 calories per kilogram, a moderate 
quantity, and was made up as follows: 

Period I. 16.27 g. N 4- 44.6 g. Fat 4- 466 g. Carb. « 2866 Cal. 
" II. 16.08 g. N -h 140.1 g. Fat + 250 g. Carb. =- 2873 Cal. 

The nitrogen elimination was as follows: 

Day. N Excreted. N Balance. 

Period I. — 1 17. II — 0.84 

2 1 4.40 -f 1 .86 

3 14-65 4-1.62 

4 1558 -fo.69 

" IL— 5 17.66 —1.58 

6 17-32 —12.4 

7 15-94 +0.14 

8 16.22 — 0.14 

This proves that with a diet containing 16 grams of nitrogen 
in proteid, nitrogen equilibrium is about as easily maintained 
on a mixed diet, including carbohydrates and fats, as when only 
carbohydrates are allowed with the proteid. 

' Tallquist: "Archiv für Hygiene," 1902, Bd. xli, p. 177. 
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Similar principlcs have been beautifully illustrated by Lan- 
dergren.* Diets containing carbohydrates and fats but scarcely 
any nitrogen (about one gram daily), were given mcnand the pro- 
tcid metabolism notcd. This condition is called that of specific 
nitrogen hunger. After four days' administration of such a diet 
the urinary nitrogen may be reduced to less than four grams. 

In one experiment in which this was accomplished car- 
bohydrates were entircly replaccd by fat with the result that 
proteid mctaboHsm rose to the amount found in star\'ation 
(about IG grams). It has already been explained that Inges- 
tion of fat alone will not aflfect proteid metabolism in starvation. 
The experiment is as follows: 

Carbohydrate Period. Fat Period. 

Diet - 45-2 Cal. per Kg. Diet * ^3.7 Cal. per Kf . 

N in Urine. N in Urine. 

Davo * 12.76 Dav 5 4.28 

♦*' I "' 6 8.86 

" 2 •• 7 9.64 

" 3 

" 4 3-7Ö 

• Ordinary diet. 

On day 5, the first of the fat diet, it is evident that the pro- 
teid metabolism was aflected by the use of the glycogen supply 
of the body, an influenae which became negligible on the second 
and third days of the fat diet (p. 53). 

Landergren gives the foUowing results in various cases of 
specific nitrogen hunger, showing the nitrogen in the urine 
bcfore the diet, and after four days thereof : 

II. III. IV. V. 

N in urine (ordinary diet) 12.76 11.87 13.7 15.2 

N in urine (specific N hungei 3.76 3.95 3.04 4.2 

Calorics in diet per kg 45.2 J7.8 45.0 38.4 

This reduction of proteid metabolism to four grams on the 
fourth day was brought about by the following diets in the dif- 
ferent cases: 



I^- 750 g- carbohydrates = 45.2 ral. per kg. 

III. 300 g. carbohydrates -f iqog. f:it.= 37.8 " 
V. 380 g. carbohydrates +150" " = 38.4 " 



(4 it 



* Landergren: "Skan. Archiv für Physiologie," 1903, Bd. »v, p. 112. 
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A diet containing half its calories in carbohydrates and half 
in fat has therefore the same proteid protecting power as one 
made up of carbohydrates alone. This demonstrates the 
rationality of a mixture of the non-nitrogenous foodstuflFs. 

Landergrcn finds that on a diet containing two-thirds of the 
calorific requirement the urinary nitrogen on the fourth day 
may be eight grams, or nearly the fasting quantity. The diet 
was made up of — 

X. 240 g. carbohydratc -f 64 g. fat = 21.8 cal. per kg. 

Therefore, in- specific nitrogen hunger w^ith undemutrition, the 
nitrogen eliminated in the urine appcars to be increased. It is 
a pity that this Statement rests on only one experiment, for it 
does not appear in accord with the following work of Chittenden. 

Chittenden* finds that nitrogen equilibrium may be main- 
tained on a diet containing a very small amount of proteid and 
two-thirds of the body's requirement of encrgy. The first ex- 
periment was on Fletcher and lasted six days. The daily ration 
contained 7.19 g. nitrogen + 38.0 g. fat + 253 g. carbohydrates = 
21.3 calories per kg. The excreta contained 6.90 grams of 
nitrogen daily. On this diet the individual showed ** remarkable 
physical strength and endurance." 

Another experiment was performcd by Chittenden on him- 
self and lends itself for interesting comparison with the results 
of the Ingestion of a maintenance ration. The food was prin- 
cipally vegetarian. The results may be thus tabulated: 

A LOW LEVEL OF NITROGEN EQUILIBRIUM IN NORMAL 

AND UNDERNUTRITION. 





Diet. 


N EXCRETION. 




Datb. 


N IN Oeams. 

6.7Q 
6.88 


Cal. pfr Kg. 


N Balance. 


March 2X 


34-7 
22.4 


6.56 ' 
6.34 


-f 0.23 


March 25 


+ 0.54 



Nitrogen equilibrium may therefore be maintained at a low 

* Chittenden: " Physiological Economy in Nutrition," 1904, pp. 14. 40. 
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level even during the State of undemutrition present when 22.4 
Colones per kilogram are in the daily diet. On a milk diet 
Rubner* found that the ingestion of 2483 grams of milk con- 
taining 84 grams of proteid and two-thirds the body's require- 
ment of energy resulted in the addition of 6.7 grams of proteid 
to the body daily for three days (p. 190). 

It is a valuable piece of information to know that one may 
diet an obese patient on a food containing little proteid and two- 
thirds the body*s energy requirement without danger of pro- 
teid loss. The other third of the necessary energy will be fur- 
nished by the body's own störe of fat. It is not remarkable that 
the body is capable of great physical eflFort on such a diet, for 
a fasting man is also competent in this direction (p. 73). 

In the last chapter mention was made of the sparing action 
of gelatin on proteid metabolism and its ingestion was found to 
prcvcnt about 23 to 37.5 per cent. of the proteid loss during 
starvation. The sparing might be greater when gelatin was 
ingcsted with a mixed diet. To show this, J. R. Muriin' has 
experimented in the writcr's laboratory on a man weighing 
seventy kilograms. The man starved three days, and then fol- 
lowed a period of three days during which nitrogen equilibrium 
was maintained on a diet containing the quantity of nitrogen 
eliminated during starvation. The proteid was supplied by 
bcefsteak, oatmeal, and eggs, which, with cream and sugar, 
furnishcd a total of 3000 calories. Two-thirds of this total 
proteid nitrogen was then replaced by gelatin nitrogen for two 
days and the calories raised to 3400 by the addition of cane 
sugar. The resuU was that during the second day 0.06 gram 
of nitrogen were added to the body. 

Murlin obtained the same results on a dog and also showed 
that three-quarters of the starvation nitrogen ingested as gelatin 
and one-quarter as proteid were not able to maintain nitrogen 
equilibrium. Two-thirds the starvation nitrogen requirement 

* Rubncr: "Zeitschrift für Biologie," Bd. xv, 1879, p. 130. 

^ Murlin : Proceedings American Physiological Society, "American Journal 
of Physiology," 1905, vol. xiii, p. 29. 
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ingested as gelatin and one-third as proteid maintain nitrogen- 
ous equilibrium. Carbohydrates ingested alone reduce proteid 
metabolism to one-third that found in starvation. One-third 
the starvation quantity seems to bc the limit of proteid metabo- 
lism compatible with life. 

Since carbohydrates so effectively spare proteid from com- 
bustion it would seem logical that their use would render the 
retention of proteid in the body easier than when fat is given 
with proteid. 

Lüthje* finds a long continued nitrogen retention in man 
when much nitrogen in proteid is ingested (up to 50 g. N daily!) 
and carbohydrates and fat making a total of 4000 calories or 
66 calories per kilo. (See also Bomstein*s experiment, p. 100.) 

In a subsequent paper Lüthje' finds that the PjO 5 retention 
in convalescence is that which corresponds to the retention of pro- 
teid as new tissue and for the upbuilding of the bones. Some- 
times in a healthy person not enough PjOj is retained to build 
up "flesh," and the proteid retained must therefore exist in the 
form of "deposit proteid." This proteid, he says, is not stored 
in the blood, for the composition of the blood does not alter; 
but is perhaps retained in the cellular fluids, just as glycogen 
is retained by the cells. 

In conclusion, it may be said that carbohydrates are the 
most economical of the foodstuflFs, both physiologically and 
financially. They are the greatest Sparers of proteid. In- 
gestion of fat has for its object the relieving of the intestine 
from excessive carbohydrate digestion and absorption. Inges- 
tion of fat in too large quantities leads to digestive disturbances 
and if carbohydrates are entirely abandoned, to acetonuria. 

* Lüthje: "Zeitschrift für klinische Medizin," 1902, Bd. xliv, p. 22. 

* Lüthje: "Deutsches Archiv für klinische Medizin," 1904, Bd. Ixxxi, p. 
278. 



CHAPTER Vin. 

THE INFLUENCE OF HECHANICAL WORK ON 

METABOLISIL' 

The source of mechanical work must be from metabolism, 
for mechanical energy cannot be derived from nothing. The 
necessary energy might be obtained in one of two ways, either 
at the expense of a proportionale reduction in the quantity of 
heat liberated by the resting organism, or by an increase in the 
amount of the metabolism. In the former case work would 
diminish the heat production, and might cool the tissues, which 
is not obser\'ed to take place. If work were done at the expense 
of increased metabolism, and if this increase were completely 
converted into mechanical effect, then the heat production in the 
organism might remain the same as in the resting State. If, 
howevcr, the result of mechanical eflFort be a Stimulation of me- 
tabolism to the extent of not only enabling the body to do work, 
but also causing it to produce more heat than when at rest, 
then the tendency of the tissues must be to grow warmer, per- 
haps with a resulting outbreak of sweat to reduce the body 
temperature through physical rcgulation. The last named 
is the actual process. 

Lavoisier's discovery that the absorption of oxygen is in- 
creased during mechanical exercise, firmly established the fact 
of a higher metabolism under these conditions. 

The first experiments in which the eflfect of work upon the 
total metabolism was demonstrated were made upon a man by 
Pettenkofer and Voit.' A man tumed an ergostatic wheel 

^ In the account of metabolism during starvation, a short description has 
already been given of the influence of mechanical work on proteid metabolism, 
of the influence of posture on general metabolism, and of the relation of the 
amount of metabolism to the diurnal variations of human temperature. 

» Pettenkofer and Voit: ** Zeitschrift für Biologie," 1866, Bd. ii, p. 538. 
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7500 revolutions on each of the working days for a period of 
nine hours, affording suf&cient exercise to cause great fatigue 
at the end of the day. The experiments were made both du ring 
hunger and when the man was ingesting a medium mixed diet. 
The food supplied in the mixed diet contained: 

Graics. Caloeies. 

Proteid 12 1.7 506 

Fat 117. 1088 

Carbohydratcs 352. 1443 

Total 3037 

The metabolism of the strong workman, weighing seventy 
kilograms, at rest and at work, starving or on the medium mixed 
diet as given above, is presented in the following table } 



EFFECT OF MECHANICAL WORK ON METABOLISM IN MAN. 





Geaus Metabolized. 






Proteid. 


Fat. 

222 
208 

387 

73 

93 

84 

208 

152 


Car- 

BOHY- 

drates. 


Cal. of 
Metab- 
olism. 


Cal. 

ABOVE 

Fasting 

QüANTlTY 


Experiment 
No: OF Pet- 
teneofer 

AND VOIT. 


Starvation — Rest 

—Rest 

-Work 


70.8 
68.7 
66.1 




2374 
2231 

3882 


1582 


I 
III 

IV 


Mixed Diet— Rest 

—Rest 

—Rest 

—Work.... 
—Work.... 

• 


121. 7 
118.7 
125.0 
121. 7 
122.0 


352 

352 
352 
352 
352 


2638 
2714 
27SO 

385^ 
3378 


336 
412 

458 

1554 
1076 


V 

VI 

VII 

VIII 

IX 



From these early experiments it was evident that mechanical 
work did not increase proteid metabolism even in starvation, 

*I have multiplied the nitrogen of the ingesta and egesta by 6.25 to obtain 
the qiiantity of the proteid given and metabolized. The ratio N:C = 1:3.28 
in proteid has been employed. The dry starch has been calculated as con- 
taining 44.2 per cent. and the fat as containing 76.5 percent. of carbon, which 
were the figures used by Pettenkpfer and Voit. Rubner's Standard calorimetric 
values have been used. (See Introductory Chapter.) 

ZI 
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but that thc power to do work might readily bc supplicd by the 
incrcascd mctabolism of fat. 

It is interesting to notc the increase of the metaboh'sm above 
the fasting minimum under the above circumstances. This 
relation is embodied in the foUowing table: 

MtTABOUSM. INCIEASE. 

Starv'ation — Rest (avcragc) 2 ^02 

—Work 3882 1582 

Medium dict — Resi (average) 2717 415 

- Work 3856 1554 

—Work 3378 1076 






This table indicates a specific d}Tiamic action of the food 
amounting to 415 calories. Another conclusion may be drawn 
from the table, and one which, if true, is of importance; it is 
that during thc working days the specific dynamic action oj the 
jood does not appcar. In other words the metabolism during 
work on a mixed diet is not greater than during starvation when 
the same amount of work is being effected. It may be that the 
free heat liberated as the result of the specific dynamic action 
of the food can be utilized in warming the cells in the ser\-ice of 
the production of mechanical energy, just as it is used in lieu 
of the heat produccd through chemical regulation. If this be 
true, giving proteid to men at work — for example, athletes — 
would not entail economic waste of the fraction usuallv lost 
when it is given during rest. 

Rubnerin his** Energiegesetze'' w-rites that he is.investigating 
the inducnce of work on metabolism, and it may be assumed 
that this problem has already been solved. The writer merely 
advanccs thc above as a Suggestion of possibilities. 

Rubner* shows that a man of seventy kilograms weight, 
developing mechanical energy to the extent of 15,000 kilogram- 
metcrs per hour, produces practically the same quantity of car- 
bon dioxid, no matter what the temperature of his environment 
may be. The results of the experiment are as follows: 

* Rubncr: Von Leyden's Handbuch, "Die Ernährungstherapie," 1903, 
Bd. i, p. 74. 
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TvMwaA-mBV PERCENTACE CaRBON DlOXlD WaTER Ex- 

Jif Ir« It. MOISTÜIE IN PER HOÜR CRETED PER HOÜR 

orTHEAw. THE Air. in Graus. in Graus. 

7.4® 8x 84.0 58.0 

12.7® 84 78.5 70.8 

16.7° 59 97.0 138.1 

17.5® 87 84.5 90.4 

18.8° 83 81.2 II 2.8 

25.0® 47 78.7 230.0 

This person while at rest and at a temperature of 21.1° ex- 
creted 33.6 grams of carbon dioxid and 42 grams of water. 

It is clear that during work the metabolism is independent 
of surrounding temperature, of climatic conditions. In other 
words, during mechanical work the influence oj the chemical 
regulation of body temperature may be eliminated. The extra 
heat production in doing mechanical work is utilized instead of 
the production of heat which is excited reflexly through cold. 

Generally speaking, neither clothing nor temperature aflect 
the amount of the metabolism during exercise. They influence 
only the quantity of water eliminated in the Perspiration, in 
the effort of the body to maintain its normal temperature through 
physical regulation. It is evident from Rubner's details of the 
water excretion that at a low temperature the extra heat pro- 
duction during mechanical exercise is lost by radiation and 
conduction. Rubner explains that the slight increase in the 
excretion of water above that lost while at rest, is due to its 
increased evaporation through increased respiratory activity. 
At a higher temperature conduction and radiation become 
insufficient to cool the body, and a large proportion of the 
loss of heat takes place at the expense of the evaporation of 
sweat. 

In hot, moist climates, however, the cooling of the body 
through the evaporation of moisture becomes dißicult, and this 
is especially pronounced in the case of fat peoplc (p. 94), who 
with difficulty discharge the heat produccd within them. Brodcn 
and Wolpert * show the eflFect of the action of temperature and 
humidity on the metabolism of a fat man, weighing loi kilo- 
grams, who executed the same amount of mechanical work 

* Broden and Wolpert: "Archiv für Hygiene," 1901, Bd. xxjdx, p. 298. 
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under various conditions of experimentation. The work was 
light, being 5375 kilogrammeters per hour. The results were 
as follows: 



EFFECT OF WORK, TEMPERATURE, AND HUMIDITY ON THE 
METABOLISM OF A FAT INDIVIDUAL. 





GtAMS PEE UoOt. 


TEMPCtATUtE. 


DtY An. 


Humid An. 




CO9 in Grams 
per hour. 


HfO in Grams 
per hour. 


COf in Grams 
per hour. 


HfO in Grams 
per hour. 


20<» 


47.8 
47-3 
50-3 


• • 

319 + 38 g. 
sweat. 


46.4 
48.0 
60.7 




28-30° 

i6-n° 


269 

+ 
266 g. 
sweat. 


0/ ••••• 



This individual was the same akeady mentioned, p. 94, 
and the explanation given there is equally applicable here. In 
a dry climate the same amount of mechanical work may be ac- 
complished by a fat pcrson at both 20^ and 30® without changing 
the metabolism. At a temperature of 37® the metabolism rises, 
for the cooling power of the evaporating sweat does not seem 
sufiicient to act through the dense covering of fat. This action 
is intcnsified in moist air where the evaporation of water is 
hindered. Under these latter conditions the small amount of 
work was accomplishcd only at the expense of great discomfort 
and profuse Perspiration. 

The obese thercforc work under great disadvantage in a hot, 
and cspecially in a hot and moist, cUmate. The profuse Per- 
spiration explains thcir desire for water to drink. 

In the early experiments of Pettenkofer and Voit, already 
cited, it was shown that work did not raise the proteid metabol- 
ism evcn in star\^ation, and that the source of the power ap- 
peared to be derived from the increased combustion of the 
non-nitrogenous fat. 
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In other experiments a slight rise in ihc nitrogen mctabolism, 
coQtinuing into the day following work, has bcen noled. The 
proteid roetaboüsm, however, is not sufficicnt to yicld ihe 
energy nccessary for a hard day's work. In thc well known 
esperiments of Fick and Wislicenus' the authors climbcd Ihc 
Faulhom, in Switzerland, a mountaJn 1956 meters high. The 
product of their weight into the height to which they raised 
themselves gave them the work dune. Thc proteid mctabolism, 
as calculated from the nitrogen in the urine during thc walk and 
seven hours thcreafler, could havc afforded only a third of ihe 
necessary cncrgy for the ascent of the mountain. The expcri- 
menlcrs took their last nitrogenous food sevcntecn hours be- 
töre starting on their walk, Thcy cümbed for six hours and 
collected Ihe urine of this period and that of seven hours there- 
after. Their results were as follows; 





or ij au. 


^orsT-ir^ 


*&, """V.'»''^'- 


Wo» IM 
Kau. 


Rck 

Witliocnui .. 


574 
SS4 


tl^ 


66 losömelera. 
76 i9s6melcra. 


148,656 



The work accomplished was far in excess of the energy 
liberated from the proteid mctabolism of the time. The output 
of enei^ as mcasured abovc was not all the increase in ihe 
amount of mechanical energy during the period, for thc heart 
and respiratory muscies acicd with grealcr forcc, and energy 
was expended by swinging the arms and by friction on the road. 

The fact obscr\-ed by Pcttcnkofcr and Voit that proteid 
mctabolism may not be appreciably aßccted during mechanical 
work has becn abundantly contirmcd by Kmmmachcr.* A 
porter weighing 79 kilograms was givcn a dict containing 3700 
calories, 14.28 grams of proteid nitrogen and a large amount 
of carbohydrate. The man tumed a dynamomeler and pro- 
duced 402,000 ki logramm et ers of work. The slight increase 
' Firk and Wislicfnus: " Myothermische Unu-rauchungen," iS8g. 
' Krummachcr: "Zeitschrift für Biologie," 1H96, Bd. xxiiii, p. 108. 
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in Proteid metabolism could have yielded but three per cent. 
of thc energy required for the work. Krummacher states that 
proteid metabolism may increase du ring work only when the 
non-nitrogenous fat and carbohydrates become less available 
in metabolism. We have already seen that proteid metabolism 
rises in the absencc of carbohydrates. It mky be that with the 
exhaustion of carbohydrates during exercise, a period ensues 
when the loss of their influence leads to an increased proteid 
destruction. The larger the quantity of carbohydrate given the 
less marked would be this influence. It is interesting in this 
connection that soldiers when starting on a march may have a 
high respiratory quotient (indicating the combustion of carbo- 
hydrates) which falls at the cnd of the march (fat combustion) 
and which may remain lower than at first, even on a day fol- 
lowing the march .^ The fact that mechanical work may be ac- 
complishcd at thc expense of an increased combustion of fat 
and carbohydrate should not cause one to forget that proteid may 
become the sole source of energy in the body. It has already 
bccn shown that a fasting animal, aftcr buming all his fat, main- 
tains his lifc on proteid alone (p. 66), and that Pflüger kept a 
dog in active condition on meat alone. As proteid may yield 
58 i)cr cent. of sugar, this substance may still be the principal 
source of energy. 

Bomstein^ reports continual retention of ingested proteid 
during sevcntcen days' work, at a time when there was no fat 
retention. The quantity of proteid given was large, containing 
19.96 grams of N, and the daily work accomplished was mod- 
eratc, bcing 17,000 kilogrammeters. The nitrogen retention 
amountcd to 1.475 grams daily, or an addition of 800 grams of 
** flesh*' to the body in seventeen days. 

Locwi' reachcs thc same conclusion that long continued 
muscular exercise favors proteid retention. This suggests the 
basis of muscular hypertrophy due to physical exercise. 

* Zuntz and Schumburg: "Physiologie des Marsches," 1901. 

* Bomstein: "Pflügcr's Archiv/' 1901, Bd. Ixxxiii, p. 540. 
■ Loewi: "Archiv für Physiologie," 1901, p. 299. 
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Large proteid Ingestion, howcver, is not apparcntly esscntial lo 
ihe füll maintenance of physical power. This Kas been shown 
by Chittenden ' who maintained soldiers and athletes in physical 
training for months at a time on dicts containing between seven 
and ten grams of nicrogen, or about half what the average man 
takes if the question be left to bis taste (seep. 179). 

Il is evident that the power to accomplish muscular work is 
not usually derived from proteid metaboUsm, but from the com- 
bustion of the non-nilrogenous sugar and fat. 

Therefore, physical exercise requiring fat consumption with- 
out concomitant destruction of proteid must be of the greatest 
value in the treatmcnt of obesity. 

The problem at once arises: What is the relative value of 
fats and carbohydrates as fuel for the production of mechanical 
energy by ihc body ? 

Zuntz,- from experiments made by Heineraan. calculates 
that when carbohydrates predominate in a man's diet an 
amount of energy above the resting requirement is liberaled 
which equals 9.33 calories for every kilogrammetcr of work ac- 
complished, whereas when fat is given 10.37 calories are liberated 
in the performance of the same amount and the samc kind of 
work. The work was done by tuming the wheel of an ergostat. 
Since one kilogrammcler is the mechanical equivalcnt of 2.35 cal- 
ories, ilts evident that 25 percent.oflhe total exccssof energy de- 
veloped by work is convertible into mechanical effect, the balance 
being dissipatcd as heat. Similar experiments made by Zuntz 
on himself showed that 9.3g and 9.33 calories of mctaboUsm 
were liberated on a fat dict, 10.37 3™' 10.41 on a carbohydrate 
diet, when one kilogrammeter of work was accomplishcd. 

There seems to be Uttlc difference in the efficacy of the body 
as a machine, whcthcr fat or carbohydrates are used as fuel. 

Heineman' rcmarks thal Chauveau's idea that fat must be 
first converted into sugar before being availablc for mechanical 

' Chittenden: " Physiolo^cal Economy in Nutrilion," 1905. 
■Zuntz: "PSUger's Archiv," 1900, Bd. Ixxxiii, p. 557. 
* Heinemati: Ibid., p, 476, 
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work can scarcely be valid, for such a conversion of fat carbon 
into sugar would entail a minimum loss of energy available for 
mechanical work of 29 j)er cent. 

Atwater and Benedict* claim to have confinned these results, 
although unfortimately the diets provided were not strictly fat- 
proteid and carbohydrate-proteid, but were really mixed diets. 

Thus J. W. C, during two periods of twenty-two days each, 
ingested each day diets which produced the foUowing metabo- 
lism as calculated from the body's excreta: 

Calculatcd Metabolism. 

PsmiOD I. Pebiod n. 

Cakbohydeatb Diet. Fat Dikt. 

Proteid 434 calories. 489 calories. 

Fat 1288 " 3190 

Carbohydrates 3371 " 1465 ** 

Total metabolism 5093 5144 

The average of work accomplished and body heat evolved 
each day, as measured in the Atwater calorimeter, were as 
foUows: 

Work and Metabolism as Dibectly Miasübed. 

Carbohydrate Diet. Fat Diet. 

Mechanical work 543 calories. 550 calories. 

Body heat 4593 " 4555 " 

Total metabolism 5136 5105 

The work was done on a stationary bicycle. It is evident that 
the work could not have becn at the expense of proteid metabo- 
lism. But it is also piain that the work could have been derived 
from carbohydrate combustion even on the "fat" diet of Period 
IL 

These experiments, howevcr, were the first to demonstrate 
exactly that mechanical work was done at the expense of a 
dynamic equivalent of metabolism, — a splendid confirmation of 
the law of the conservation of energy. 

In one other experimcnt Atwater and Benedict calculated for 
J. W. C. a metabolism amounting to 9981 calories, divided as 
follows: Proteid, 478 calories; fat, 7744 calories; carbohy- 

^ Atwater and Benedict: "Experiments on the Metabolism of Matter and 
Energy in the Human Body," 1903, U. S. Dept. of Agriculture, Bulletin 136. 
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drates, 1759. The man worked for sixteen hours on the 
bicycle. The work done measured an equivalent of 1482 
calories; the body heat production was 7382 calories, both of 
which were measured in the Alwaler calorimetcr, and the total 
energy loss rcached 9314 calories,' a height of metabolism 
attained also by Maine lumbcmien" actively employed (p. 187). 

Although from Zuntz's work it secms proved that, in fur- 
niähing power for mcchanical work, carbohydrates and fat are 
replaceable one for the other according to their djuamic values, 
there is a well-founded bclief that work may be obtained m 
larger quantity from an individual if carbohydrates be available. 

Schumburg' finds that Ingestion of carbohydrates enables 
a fatigued muscie to contract more powerfuUy. Hellesen' 
States that in doing mechanical work in the moming before 
breakfast, an improved capacity occurs thirty to forty minutes 
after ingesting sugar. 

The rcady exhaustion of diabetics who cannot bum dcxtrose 
confirms this Observation, 

Lee and Harrold' have found evidences of great fatigue in 
the excised musclcs of a cat from which the readily combustible 
sugar had been removed by rendering the cat diabetic with 
phlorhizin. A cat treated similarly, but whose organism had 
been flooded with sugar by ingestion before kilÜng the animal, 
showed a much larger capacity for muscular contraction. 

The writer' while injecting phloretin solutions into the 
jugular vein of fasting rabbits, diabetic through phlorhizin, 
noticed that seven out of eight rabbits had convulsions, while 
normal rabbits were not so affected. Four died and three lost 
molor control of the musclcs of their hmbs. In these three 



' The talories ralculated trora ihe metabolism Bod ihosc direcily measured 
by ihe calorimelcr did not eiaclly agree in this panicular instante — an exception 
in a briJtianl series. 

' Woods and Mansfield; U. S. Dept. ot Agriculturc, 1Q04, Bulletin 149. 

' Schumburg: "Archiv für Physiologie." 1896, p. 537. 

* Hellesen: "SItan. Archiv für Physiologie," :904, Bd. xvi, p. 13g. 

'Lee and Harrold: Prorecdings of the American Physiological Sodc^, 
"American Journal of Physiology," 1900, vol. iv, p. ijt. 

' Lusk: "Zcitschrifl für Biologie," 1898, Bd. xxxvi, p. 109. 
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there was an incrcased dextrose elimination in the urine on 
account of the passage of the glycogen content of the organs 
into the blood, which glycogen would normally be immediately 
available for muscular activity (p. 71). The animals which 
survived the convulsions obtained control of their muscles 
in two to four hours. This indicates a slow preparation from 
fat of materiak available for the production of muscle work. 

Schumburg* finds that coflfee and tea have no recuperative 
power over the muscles of a fatigued organism, except when 
taken with other foods, and that the stimulating action of al- 
cohol is only temporary. Hellesen,' exercising before breakfast, 
finds that the eflfect of taking tea is almost negligible, and that 
the eflfect of alcohol is at first to increase the muscle power but 
that after twelve to forty minutes there is a decrease in power 
which lasts for two hours. No such depression occurs after 
taking sugar. It is obvious that alcohol is not beneficial when 
muscular work is to be accomplished. 

The carbon dioxid produced as a result of mechanical work 
is quickly eliminated through the lungs. Higby and Bowen* 
find that the increased elimination begins twenty seconds after 
the commencement of bicycle riding and reaches its maximum 
in about two minutes. At this point it remains constant from 
minutc to minute provided the same amount of work is donc. 
This principle has bccn frequently demonstrated by Zuntz and 
his pupils. It is evident, however, that the quantity of carbon 
dioxid excretion for the unit of work accomplished will be less 
during starvation and on a fat diet than when carbohydrates 
are ingested, by reason of the higher hcat value of fat 
carbon.* 

It has already becn shown that 25 per cent. of the total energy 
of the increase abovc the resting mctabolism as caused by work 
is converted into mechanical energy by a person tuming the 
wheel of an ergostat with his arms. 

* Schumburg: Lac. cit. * Heilesen: Loc. cU. 

■ Higby and Bowen: "American Journal of Physiologj'," 1904, vol. xii, p. 335. 

^Johansson and Koraen: '*Skand. Archiv für Physiologie," 1902, Bd. xüi, 
p. 251. 
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Katzenstein ^ has shown a still more econoniical utilization of 
the fuel when the work accomplishcd is climbing, about 35 per 
Cent, of the total increase in metabolism being then converted 
into mechanical effect. Walking, the commonest muscular ex- 
ercise, is accx)mplished with the greatest economical efficiency. 

A great many interesting details have been worked out in 
Zuntz's laboratory by his pupils. The foUowing epitome of 
long investigations shows the comparative energy equivalents 
necessary for a dog, horse, and man to move one kilogram of 
body weight one meter with a given rapidity along a horizontal 
plane or to lift one kilogram of body weight one meter high.' 
The experiments were made by placing the individual on a 
moving platform, the speed and incline of which could be varied. 

ENERGY REQUIREMENTS OF DIFFERENT ANIMALS IN PER- 
FORMANCE OF THE SAME AMOUNT OF 
MECHANICAL WORK. 



Animal. 



Dog.. 
Dog.. 
Horsc. 
Man.. 



F. 
Normal locomotion. 

F. 
Slow locomotion . . . 

R. 
Nonnal 

R. 
Slow 



Weigbt. 



26.9 

26.9 

456.8 

55-5 
72.9 

67.9 

80.0 
88.2 

72.6 
81. 1 
80.0 

86.5 

86.5 

68.5 

68.5 



Energy Requikeiient in 

KlLOCRAimETERS. 



For moving 

horizontally 

X Kg. I 

Meter. 



0.495 
0.501 

0.137 
0.334 
0.217 
0.2II 

0.288 
0.263 

0.284 
0.231 
0.244 



0.219 ;| 

0.233 J 
0.230 

0.2^1 



For raising i ' 
ICg. X Meter' 
high. 



l 



2-954 

3259 
2.Q12 

2.857 
3.190 

3.140 

3.563 
3.555 

2.913 
2.912 

2.729 



2.746 



2.846 



Velotity in 
Meters 
PER Min- 

U T E O F 
HORIZONTAL 
MOVEMENT. 



78.57 

78.57 
74.48 

71.32 

71.46 

51.23 
42.34 
62.04 
60.90 
56.54 

66.94 

35-92 

63.95 
34.58 



Incline or 
road in per 
cent. during 
Climbing Ex- 
periment. 



17.2 

10.3 
9-6-13.3 

} 6.5 
\ 30.7-62 



1 

J 



' 23.3 



23-30.5 



* Katzenstein: "Pflüger's Archiv," 1891, Bd. xlix, p. 379. 
' Frcntzel and Reach: Ibid., 1901, Bd. Ixxxiii, p. 494. 



172 SCIENCE OF NÜTRITION. 

• 

A study of the foregoing table will show that it requires much 
less energy for a horse to move one kilogram of his weight one 
meter horizontally than for a dog to do the same at the same 
velocity. It also appears that a man of small weight requires 
more energy to a unit of substance than a man of large size. 
This rule has bcen confirmed in dogs by SlowtzoflF/ who shows 
that energy amounting to 0.529 kilogrammeter is required for 
one meter horizontal motion by a dog weighing 37 kilograms 
and 1.138 kilogrammeters by a dog weighing 5.5 kilograms. 
SlowtzoflF does not find that this Variation is proportional to the 
skin area of the animal. 

The table also shows that there is little Variation in the dog, 
horse and man in the amount of energy necessary to raise one 
kilogram of body substance one meter high. 

It is possible to calculate the food ration for a march if the 
figures given in the table be employed. If it be assumed that 
a man weighing 70 kilograms travels 74.4 meters a minute he 
will accompUsh 4.46 kilometers or 2.7 miles per hour. If it 
requires the energy equivalent of 0.217 kilogrammeters to move 
one kilogram of his weight one meter it will require 67,747 kilo- 
grammeters (0.217 X 70 X 4460) to move him 4.46 kilometers, — 
67,747 kilogrammeters being equivalent to 159.205 calories. 
This is the equivalent of 17.1 grams of fat which may be added 
to the maintenance resting dietary requirement to supply the 
energy necessary for an hour's quiet walk on a level road. If 
the road be inclined so that the man raises himself 500 meters 
during the hour's walk, the metabolism will be still further in- 
creased. The work of ascent will be his weight multiplied by 
the height of his climb, or 35,000 kilogrammeters. The expen- 
diturc of energy by the body in order to accomplish this work is 
threefold the work done,or 105,000 kilogrammeters, which equals 
246.750 calories, or 26.5 grams of fat. The hour's walk in 
this case would require the production of an energy equivalent, 
abovc the resulting metabolism, amounting to that contained in 
43.6 grams of fat, — that is, 17.1 grams for a forward locomotion 

* Slowtzoff: "Pflüger's Archiv," 1903, Bd. xcv, p. 190. 
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of 4.46 kilometers and 26.5 grams to lift the body to an altitude 
of 500 meters. 

In the last-mentioned table it is seen that there is an increase 
in the metabolism for a unit of horizontal motion when the 
progress of the individual is very slow. This is explained by 
the fact that speed of progress was half the normal, was unusual, 
and forced. 

The rule is that the metabolism increases with speed in men 
(0.39 to 0.84 per Cent, per meter increase bctween 60 and 100 
meters per minute) and in horses (1.03 per ccnt. per meter in- 
crease above 78 meters per minute), but this is not seen in dogs.* 

Katzenstein' finds that the metabolism during the descent 
of a mountian is less by 10 per cent. than the increase caused by 
Walking on a level surface. The muscles which act to inhibit a 
too rapid descent are not required to be so active as those which 
give forward impetus to the body on a level road. 

This idea has recently been still further investigated by 
mountaineers' who compared the actual hcat production with 
the energy of metaboUsm during onc minute, for horizontal 
motion, and for ascent and descent of a mountain path which 
had a 25 per cent. incline. The results were as follows: 

Ascent a8.8 Horizontal Descent 

Meters. ioo Meters. 76 Meters. 

Calories of energy of metabolism 69.3 67.8 40.8 

Calories of heat libcrated 46.9 67.8 85.5 

The smallest liberation of heat occurred during the ascent 
of the mountain at the time when the energy of metabolism was 
being converted into energy of position. 

The largest heat production occurred during the descent of 
the mountain. The metabolism was the least, but energy of 
Position was converted into heat through the Vibration of the 
body at each footfall. 

* Zuntz: "Pflüger's Archiv," 1903, Bd. xcv, p. 192. 
' Katzenstein: Loc. cit., p. 376. 

* Zuntz, Loewi, Müller, and Caspari : *' Höhenklima und Bergwanderungen 
in ihrer Wirkung auf den Menschen," 1906. 
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Zuntz and Schumburg * show that a well-placed knapsack 
is carried by a soldier with very little increased expenditure of 
encrgy. A soldier wcighing 74.45 kilograms, moving at the rate 
of 74.4 meters per minute, requires 541.8 calories for the move- 
ment of one kilogram of substance 1000 meters. The same 
soldier, laden with a knapsack wcighing 19 kilograms (total 
weight= 93.45 kilograms), requires only 502.3 calories to move 
one kilogram 1000 meters. A pack may therefore be more 
cconomically moved than the body's substance, whigh is an 
argument against obcsity. 

If the knapsack bc badly placed, or if the body be sore and 
weary, Zuntz and Schumburg find an increase in the metabo- 
lism of a marching soldier. 

Lavonius' finds the maximum amount of work attainable 
from a traincd wrcstler of great reputation to bc the equivalent 
of 30 kilogrammeters per sccond. 

A subjcct of vcr>' great intcrest is the result of training. It 
is well known that if a cobbler, for cxample, be removed from 
his trade and be compellcd to climb a mountain, he will at first 
bc of lilllc usc as comparcd with a Swiss guide. But after con- 
stant praclice the blood-vesscls open at once in response to the 
necds of the musclcs and the heart expends less energy; un- 
nccessary motions with the arms and legs are diminished in 
numbcr; the strain for the accomplishment of a given piece of 
work diminishcs; the thorax enlargcs to promote readier respira- 
tion; the man becomes *' traincd,*' and there may bc a les- 
scned mctabolism for the fulfillment of a definite amount of work. 

The experimental measurements of the efficacy of the 
working organism as describcd above were made on well-trained 
men, a dilTcrcncc on account of training having been early 
recognized by Zuntz. 

Certain difTcrences bctwcen the urine of trained and untrained 
men have alrcady been notcd (p. 63). 

* Zuntz and Schumburg: "Studien zu einer Physiologie des Marsches," 
Berlin, 1901. 

' Lavonius: "Skan. Archiv für Physiologie," 1905, Bd. xvii, p. 196. 
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Bürgi ^ made some investigations upon an individual before 
and after training for mountain climbing. The ascents were 
made at different altitudes on the roadbed of mountain railways, 
and the carbon dioxid elimination was measured. The results 
are shown in the foUowing table: 



EFFFXT OF "TRAINING" ON METABOLISM. 



Place. 



Brienz 

Gomergrat 

Brienz 

Gomergrat 



Altitüde in 
Meters. 



620 
2987 

690 
3021 



Incline of 
road in per 

CENT. 



17.29 

19-3 
19.0 



CO9 EXCKETION PER KgM. OF 

Work. 



Untkained. 



2.430 

2. 711 

2.251 
2-445 



Tkained. 



2.103 

2.268 

2.063 

2. 117 



It is evident from this that a trained mountainecr accom- 
plishes his work at the expcnse of less mctabolism than when 
untrained. Also that at a moderatcly high altitude (3000 
meters= 522 mm. o£ mercury, barometric pressure) the trained 
organism is as efficient for mechanical work as at the sea level; 
whereas the untrained man requires a much greater mctabolism 
to accomplish a unit of work at the higher altitude than at the 
lower. 

At still higher altitudes there is always an incrcase in the 
amount of metabolism necessary to accomplish mechanical 
eflfort, and this will be discussed in another chapter. 

Another fact of importance is that the effect of training 
especially affects the muscles involved in the particular move- 
ment, and not those which do not contract. Thus Zuntz^ found 
that a dog trained for horizontal motion on a levcl strcet required 
II 79 small calories to move one kilogram body weight looo 
meters and 7.668 small calories to raise one kilogram body weight 
one meter high. The dog was then gradually trained to ascend 
an incline. After two years he required only 5.868 small calories 

' Bürgi: "Archiv für Physiologie," 1900, p. 509. 
* Zuntz: "Pflüger's Archiv," 1903, Bd. xcv, p. 200. 
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to lift onc kilogram one meter, but hc required 1343 small cal- 
ories perkilogram for horizontal locomotion through 1000 meters. 
Therefore the specifically traincd musclcs work more economi- 
cally than those which are at the time but little used. 

A man trained for mountaineering will often find himself 
uncomfortable whcn Walking on a Icvel road. The mountaineer 
will not find the bicycle an easy means of locomotion/ nor will 
the bicyclist unscathed essay the mountain. 

A benefit dcrived from riding a horse is the shaking of the 
internal organs, which is also achieved by descending a steep 
pathway. This may be beneficial to the life processes in such 
a comparatively immobile organ as the liver for example. It 
also appears to promote a freer evacuation of the bowels. 

In swimming thcre is considerable respiration g\'Tnnastics.* 
The water pressure upon the thorax is the equivalent of the 
weight of an 8-kilogram sand-bag, which the swimmer seeks to 
counterbalance by increasing the pressure in his lungs through 
puffing with his Ups. By tuming over on the back the swimmer 
rcmoves this respiratory influence. Cold watcr stimulates 
metabolism fp. 93), but the cffect of the salt in ordinary sea 
water is certainly negligible. 

There can bc little doubt that cxercise, especially in the open 
air, strengthens the organism and therefore tends to prolong life. 
Sometimcs muscular excrcise is mistakenly considcred as favor- 
ing intcUcctual activity. Yet College presidents are not selected 
from the ranks of prize-fightcrs. 

* Conceming work cxpcndcd in birycle riding see Berg, Du Bois-Reymond 
and L. Zuntz: "Archiv für Physiologie," Supplement, 1904, p. 20. 

* R. du Bois-Reymond, Ibid.f 1905, p. 253. 



CHAPTER IX. 
A NORHAL DIET. 

The principles of metabolism have bcen sufficiently ex- 
plained in the foregoing chapters to make it possible to under- 
stand the basis of a diet which shall be physiologically rational. 

It has been seen that the average starvation metabolism of a 
vigorous man at light work and wcighing 70 kilograms approxi- 
mates 2240 calories, or 32 calories per kilogram. It is obvious 
that this quantity of energy must be contained in the daily food, 
and a little more to counterbalance the "specific dynamic*^ or 
heat-increasing power of the foodstuffs, if the individual is to be 
maintained in calorific equilibrium. It has been seen that 
when an average mixed diet is ingested the maintenance requirc- 
ment is between ii.i and 14.4 per cent. above the starvation 
minimum (p. 139). This would amount to from 2488 to 2562 
calories, or from 35.5 to 36.6 calories per kilogram of body 
weight in the case of the individual just referred to. 

Since man through clothing shuts himself off from the reflex 
action of cold on the skin, the greatest factor which tends to 
increase his metabolism is mechanical work, and the total calories 
required are here dependent on the kind and the amount of the 
work accomplished. The requirements in this regard have 
already been discussed. 

A point of great interest is that of the proper proportion in 
which the individual foodstuflfs should be put together in 
making up a ration. 

Voit defines a food as a well-tasting mixture of foodstuffs in 
proper quantity and in such a proportion as will least bürden 
the organism. What is the proper proportion ? 

Voit* gives the following ration for the use of an average 

* Voit: "Physiologie des Stoffwechsels," 1S81, p. 519. 
12 177 
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laborer, such as a soldier in a garrison, — that is, for a man at 
work from eight to tcn hours a day: Proteid, 118 grams; car- 
bohydrates, 500 grams; fat, 56 grams. This diet contains 
3055 calories. 

The allowance of 118 grams of proteid has provoked much 
discussion. The original figures were obtained by Voit by aver- 
aging the proteid metabolism of many laboring men. This 
rcquirement of proteid was therefore obtained by the Statistical 
method, which simply showed what the average laborer in habit 
destroyed. For the same class of artisan, the diet given by 
Rubncr calls for 127 grams of proteid; by Atwater 125 grams; 
and Lichtenfclt * confirms Voit's average as being the quantity 
of j)roteid takcn by laborers in northem Italy. 

For men at hard labor, such as soldiers in the field, even 
higher quantities of proteid are commended, — by Voit, 145 
grams; by Rubner, 165 grams; by Atwater, 150 grams. These 
figures again are based on statistics. Quite recently Woods and 
Mansfield^ found that the average proteid in the ration of fifty 
lumbermen is 164. i grams. 

In slriking contrast to this Siven* at the age of thirty-one 
and a half years and wxighing 65 kilograms, finds he can main- 
tain himself in nilrogcn cquilibrium for a short period on a diet 
containing bctwcen 4 and 5 grams of nitrogen, or 25 to 31 grams 
of proteid. In fact, in one experiment the food contained 4 
grams of nitrogen, of which 2.4 grams only were in 15.4 grams 
of true proteid and the balance in amino acids and other nitro- 
genous non-proteid matter of vegetable origin. Here nitrogen 
cquilibrium was nearly attained, the nitrogen ingested being 4, 
and that cxcreted 4.28 grams. The food given, which was rieh 
in carbohydrates, contained 2717 calories, or 43 calories per kilo- 
gram, and ihc total metabolism as estimated by respiration ex- 
periments indicaled a hcat production of 2082 or 32 calories per 



' Lichtenfclt: "Pflüger's Archiv," 1903, Bd. xcix, p. i. 

'Woods and Mansfield: "Studies of the Food of Maine Lumbermen," 
U. S. Department of Agriculture, 1904, Bulletin 149. 

'Sivcn: "Skan. Archiv für Physiologie," 1901, Bd. xi, p. 308. 
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kilogram. Here was practically nitrogen cquilibrium main- 
(ained at the minimum levei, and a low total metabolism which 
was largely at the expense of carixjhydrales. 

It will be recalled ihat ihc quantity of nitrogen in the urine 
in ihe average fasting man who has becn prcviously well nour- 
ished, is 10 grams, a minimum which is only reducible by carbo- 
hydrate ingestion. 

The experiments of Siven did not satisfy people that a low 
Proteid metabolism was compatible wilh continued health and 
strength. Munk' andRosenheim^ both found that dogs givcn 
a quantity of proteid sufficient only to maintain nitrogen cquilib- 
rium gradually lost strength and bccame afflictcd with diges- 
tive disturbances. These experiments fortified the idca of the 
beneüts to be derivcd from a diet containing morc proteid than 
was necessary for the maintenancc of nitrogen cquilibrium — 
a luxus consumption. Rubncr dcdares lhat a large proteid 
allowance is the right of civilized man. 

The tradition that a continued liberal allowance of proteid 
in a diet is a prercquisite for tbc maintcnance of bodily vigor 
has been dispcUcd by Chillendcn^ and his co-workers, of whom 
Mendel is the most prominent. 

Professor Chittenden had suffcred from |>crsistcnt rheuma- 
lism of the knee-joint and dctermincd on a coursc of dicting 
which should largely reduce the proteid and the calorific intake. 
The rheumatic trouble disappeared, and minor troubles such 
as "sick headaches," and bilious altacks no longer rccurred 
periodically as before. "There was a grcatcr apprcciation of 
such food as was eaten; a keencr appctitc and morc acute taste 
seemcd to be dcveloped, with a morc thorough liking for simple 
foods." During the first cight months of the dieting there was 
a loss of eight kilograms of body wcight. Thereafter for ninc 
months the body weight remained stationary. "Two months of 
the time were spenl at an inland fishing rcsort, and during a 

' Munt: "Archiv für Physiolopt," iSgi, p. 338. 

' Rosenheim t Ibid. p. 341. 

' Chillendcn: " Physiologital Ktonomy in Nulrilion," 1904. 
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part of this timc a guide was dispensed with and thc boat rowed 
by thc writcr frcqucntly six to ten miles in a forenoon, some- 
timcs against head winds (without breakfast) and with much 
grcater frccdom from fatigue and muscular soreness than in 
previous years on a fuUer dietar}'." 

During the period of nine months the nitrogen of the urine 
was dctcrmincd daily. Thc averagc was 5.69 grams. During 
thc last two months and a half, the avcrage elimination was 5.40 
grams for a body wcight of 57.5 kilograms. Experiments 
showed that about onc gram of nitrogen was eliminated in the 
feccs and that nitrogen equilibrium could be maintained with 
dietaries of low calorific values (1613 and 1549 calories=28 and 
27 calorics per kilogram) containing 6.40 and 5.86 grams of 
nitrogen. These figures correspond to diets containing 40.0 to 
36.6 grams of proteid instead of the 118 grams honored by habit 
and tradition. Professor Chittenden proclaims such a diet as of 
the highest importance to heaith. 

The case of Chittenden recalls a notc from an early convert 
to the " Graham System " of vegetarianism. Sylvester Graham, 
in 1829, began the advocacy of moderation in the use of a diet 
ccmsisting of vegctables, Graham brcad (made of unbolted flour), 
fruits, nuts, salt and pure water, and excluding meat, sauces, 
salads, tea, cofTee, alcohol, pepper, and mustard. The lettcr 
reads as follows:* **The first three months of my experiment 
on thc Graham system was attendcd by a loss of 20 to 30 pounds 
of flesh. Some of my ncighbors cxpostulated with me, — told 
me I should destroy myself by starvation, and it was even re- 
ported in a neighboring town that I had actually died from that 
cause. But my appctite was incrcasingly good and my heaith 
was increasing, and in a short timc my headachcs, colds, cos- 
tivencss, and rheumatism Icft me entirely, together with my 
hypochondriacal and gloomy State of mind, and have not re- 
tumed since, notwithstanding I have been as much exposed 
to wct and coid as at any period of my life." 

* Charles Clapp: "The Graham Journal of Health and Longcvity," Boston, 
1837, vol. i, p. 57. 
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Chittenden's experiments were not confined to an indi- 
vidual nor to a singlc group of individuals. Other experi- 
ments were made on professional men, on Student athletes in 
training, and on soldiers under military regime, The daily 
nitrogen in the urine in periods extending from five to nine 
months averaged as foUows in the individuals belonging to 
the three groups: 
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At convenient periods during the above experiments it was 
determined that the body was being maintained in nitrogenous 
equilibrium on the diet which gave rise to the above amounts 
of urinary nitrogen (p. 157). 

The professional group alleged a greater keenness for its 
work, the athletic group won championships in games, and the 
soldiers maintained perfect health and strength, many professing 
repugnance to meat when they were allowed it after five months 
of practical abstinente. 

Although it is possible that the alleged improved mental con- 
dition* may have been due to mental Suggestion (p. 243), still 
the fact remains that it has been proved by Chittenden's work 
that the allowance of proteid necessary for continued health and 

' Chittenden: Lac, cU., p. 51. 
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strength may be reduced during many months to half or less of 
what the habit of the appetite suggests. 

It remains to be seen whether this quantity of proteid in 
the ration, which is not greater than the body would metabolize 
in starvation, is advisable as a program for the whole of one's 
adult lifc. 

The foods with the strongest flavors are meats, which there- 
fore add relish to a repast, and stimulate the digestive secretions. 

Chittendcn believes that the large quantity of proteid in an 
ordinary diet is due to self-indulgence. He protests against such 
indulgence, and thinks that a necdless strain is thereby imposed 
upon the livcr, kidneys, and othcr organs concemed in the trans- 
formation and climination of the end-products of proteid 
metabolism. 

Lichtenfeit/ on the other hand, shows that while there is no 
Statistical diffcrcnce in the height of individuals as due to oc- 
cupation, still the people of Southern Italy are not so large nor 
so well devcloped physically as their fellows of Northern Italy. 
He cxplains this stunted growth as due to a low proteid and cal- 
orific intake in the food. 

Hirschfeld ' finds that the actual ration of a German soldier 
contains 98 grams of proteid, with no untoward results. Hc 
States that writers on economics, who believe the German popu- 
lace undcrfcd because they do not have 118 grams of proteid 
daily, are unduly pessimistic. 

Ahhough, as has been stated, the battle-ground has been 
over the allowance of 118 grams in Voit's dietary, it will be sur- 
prising to many to leam that Voit himself has said little on the 
subject. Hc' has shown that a vegetarian can live in nitro- 
genous equilibrium on a diet containing 48.5 grams of proteid 
and that an active working man weighing 74 kilos may get along 
on less than 118 grams. He discourages the tendency to eat 
meat in excess. He also discourages the practice of vegetarians 

' Lichtenfeit: "Pflüger's Archiv," 1905, Bd. cvii, p. 57. 

* Hirschfeld: "Archiv für Physiologie," 1900, p. 380. 

• Voit: "Zeitschrift für Biologie," 1889, Bd. xxv, p. 278. 
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who overload the digestive tract with the coarscr kinds of vege- 
table foods which leave large indigestible residues. 

It is not to bc denied that 50 grams of protcid (containing 
Sgramsof nitrogcn) are apparently able to maintain the adult 
body machine in pcrfect repair. Vegetarians, f ruitarians ^ (who 
live on fruit and nuts) and vigorous adults who largcly exclude 
proteid from the diet, are evidcntly able to live in health and 
strcngth upon this quantity. It must be, however, that more 
than this amount is advisable during growth or convalescencc 
from wasting diseasc, or during the muscular hypcrtrophy 
which accompanies preliminary training for athlctic cffort. 

Abderhalden' mentions the fact that whereas various body 
tissues are constructed of different proteids, so a large variety 
of amino acids must be available for their proper replenishmcnt. 
Hence, it is reasonable to assume that a considerable excess 
of food proteid is essential to supply the special amino products 
for the synthesis of the characteristic proteids of the blood 
serum and those of the different organs. 

It is certain that large ingestion of proteid in hot weather 
increases the heat production with accompanying increase in 
Perspiration (p. 131). Meat should therefore be avoided in 
hot weather. In cold weather such an extra heat production 
may produce a pleasurable Sensation of warmth. Dr. Polin, in 
personal conversation with the writer, said that a dietary of 
carbohydrates, fat and low proteid, was easily bome by a 
coachman during the summer, but during the winter the man 
complained of his sensitiveness to cold when taking the same 
diet. 

Ranke' describes experiments on himself (weight=73 
kilograms) during the hottest months of summer weather in 
Munich, at which time he partook of an ample diet, rieh in pro- 
teid (135 grams), containing 3300 calories, — a diet which he 

* Jafife: U. S. Department of Agriculture, Bulletin No. 132. 
' Abderhalden: "Zentralblatt für d. ges. Physiol. und Path. d. Stofif Wechsels," 
190(3^ Bd. i, p. 225. 

' Ranke: "Zeitschrift für Biologie," 1900, Bd. 40. p. 299. 
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had cnjoycd during thc prcceding winter. He had to forcc 
himself to cat. He was first attackcd by catarrh of the stomach, 
from which hc rccovcred by dieting, and subsequently becamc 
infectcd by diphtheria. He had formerly suffered from catarrh 
of thc stomach vvhile residing in the tropics. The excess of food, 
and especially of proteid, thrcw an unnecessary bürden upon 
the hcat-regulating apparatus which w^ould not have taken place 
had the dictates of the appetite been allowed füll sway and had 
the ration voluntarily been reduced. 

From the knowledge at hand there appears to be no strongly 
substantiated argument why that portion of mankind living in 
a cool climate should not foUow the general custom of taking a 
medium amount of proteid in moderate accordance with the 
dictates of their appetites. Everyone knows that excessive 
Ingestion of highly flavored meats results in jaded appetite, an 
automatic signal of excess. 

A similar excess of food when given to dogs results in vomit- 
ing. Rubncr* says that many years of experience with dogs 
leads him to believe that appetite and capacity for digestion and 
absorption depend on the dog's requirement for energy in his 
givcn State of nutrition. A diet which a dog will greedily devour 
when in a room at a temperature of 0°, he will in part refuse 
when at a temperature of 33°. 

While the proteid quantity in the diet may vary within 
Wide limits with the taste, the purse, or the fad of the individual, 
the quantity of calorific energy required by the organism is a 
remarkably constant factor, being 35 calories per kilogram of 
body wcight in the average man doing light work on a mixed 
diet. Comparatively little of this energy is fumished by proteid. 

In a fasting individual, proteid furnishes 13 and fat 87 per 
cent. of the total heat given off from the body. 

In Voit's medium mixed diet designed for a laboring man, 
the 118 grams of proteid furnishes about 15 per cent. of the total 
of 3055 calories. 

In such an cxperiment as Siven's, mentioned on page 178, 

^ Rubner: "Energiegesetze," 1902, ,). 83. 



A NORMAL DIET. 185 

which represents theiowcst possible levelof ni trogen equilibrium, 
the 25 grams of proteid ingested fumished 100 calories out of 
2717 ingested in the food, or 3.6 per cent. However, since the 
total metabolism was measured as 2082 calories, the proteid 
fumished approximately 5 per cent. of this energy. 

Chittenden * gives a dietary containing 50 grams of proteid 
and 2500 calories as sufficient for a soldier at work. This 
allows 8 per cent. of the total energy in proteid. These data 
may be thus summarized : 

Cal. raoM Pko- Cal. fsom Fat and 
Grams or Pro- teid Metabo- Carbohydrate Me- 
teid IN DiET. LMM IN PER TABOLISM IN PEE 

CENT. CENT. 

Starvation o 13 87 

Voit's Standard (lib- 
eral proteid) 1 18 15 85 

Chittenden' s Standard 

(reduced proteid) 50 8 92 

Siven's minimum 25 5 95 

The calories other than those contained in proteid may be 
given as carbohydrates or as fat. Voit allows a laborer 500 
grams of starch (2050 calories) as the quantity which the in- 
testinal canal may readily digest, and adds 56 grams of fat (521 
calories) to the diet. 

It has already been observed that half the calories may be 
given as fat and half as carbohydrates without affecting the 
carbohydrate power of economy over the proteid metabolism 

(P- 157)- 

This part of the subject really becomes a mere matter of 

calculation of the requirement of the resting organism, and the 
addition thereto of sufficient energy to accomplish the mechani- 
cal work. 

How this is done has already been set forth in another chap- 
ter. A bicyclist riding for sixteen hours may have a metabolism 
amounting to 9000 calories daily, and the average ration of a 
Maine lumberman may rise to a value of 8000 calories. Cham- 
pion wrestlers in a world's contest' may ingest daily duringtheir 

* Chittenden: Loc. cit.^ p. 254. 

' Lavonius: "Skan. Archiv für Physiologie," 1905, Bd. xvii, p. 196. 
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pcriods of cffort diets containing protcid 21 7.9 grams (35.1 grams 
of N); fat, 259.5 grams; carbohydrates, 431 grams; together, 
5070 calories: or protcid, 182.2 grams (29.2 grams N); fat, 204.6 
grams; carbohydrates, 392.3 grams; together, 4254 calories. 
Much Cream was taken by these last-named individuals. 

Chittenden* has fallen into error in the commendation of 
2500 to 2600 calories as an ample diet for a solider at drill. 
For himself, pursuing a scdentary life, Chittenden prescribes 
2000 calories or 35 per kilogram, while Mendel requires 2448 
calories, or 35.3 calories per kilogram. These are entirely 
normal values for people at light work. In the earliest calcula- 
tions of Voit, in 1866, it was showTi that a man of 70 kilograms 
on a medium mixed diet, produced 2400 calories, or 34.3 calories 
per kilogram; and Rubner allows 2445 calories to men of 70 
kilograms weight engaged in occupations involving light mus- 
cular work, — such men as writers, draughtsmen, tailors, phy- 
sicians, etc. But the soldiers under Chittenden were put for 
two hours in the gymnasium, then apparently drilled for one 
hour, and walked another hour. This physical work requires 
increased energy from metabolism. It has been shown that to 
walk 2.7 miles in an hour on a level road requires an increased 
metabolism of 159.2 calories in a man weighing 70 kilograms. 
If a soldier during four hours actually expended this equivalent 
mechanical energy in excess of the amount of Professor Mendel 
in his laboratory, then his metabolism would be larger than 
Professor MendeFs by 637 calories, or he would have a total 
metabolism of 3085. 

In Chittenden's experiments there was no analysis of the 
expired air, and conclusions are drawn from the maintenance 
of body weight. 

Several of the larger sizcd soldiers (those who weighed 70 
kilograms) lost between 3.5 and 8.5 kilograms of body weight 
during the experiments. Fritz, weighing 76.0 kilograms, lost 
3.6 kilograms in five months. Had this all been fat, one can 
estimate that its heat value would have been 33,480 calories, 

^ Chittenden: Loc, cü.f p. 254. 
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or an available daily combustion of body substance equal to 
223 calories. Conclusions drawn from wcight alone can be of 
only the roughest character (see p. 67). 

For ordinary laborers working cight to ten hours a day — 
such as mechanics, porters, joiners, soldiers in garrison, and 
farmers — 3000 calories does not seem an excessive quantity. 

Rubner's diet calls for 2868 calories. Chittenden's allow- 
ance (2500-2600) is too low, whilc Atwater's (3400) appears 
excessive. 

A third class are men at hard labor, such as soldiers in the 
ficld, shoemakers, blacksmiths, etc. For these Voit allows a 
dietary containing 3574 calories; Rubner 3362 calories; and 
Atwater 4150 calories. The diflFerences in thcse figures are 
merely diflFerences in the quantity of work alone. 

In almost all the rations given, carbohydrates do not exceed 
500 grams. The remainder is made up of fat. 

Woods and Mansfield* report a dietary study of a camp of 
fifty Maine lumbermen actively engaged in chopping and yard- 
ing logs. The investigation continued for six days. The daily 
average ration per man was as follows: Proteid, 164. i grams; 
fat, 387.8 grams, carbohydrates, 982.0 grams; calories, 8083.0. 
This dietary would appear almost fabulous were it not for 
the fact that Atwater has actually shown that a metabolism 
equivalent to 9300 calories a day may be produced by a man 
riding a stationary bicycle for sixteen hours. 

A lower ration than the lowest here mentioned may be 
allowed to one who is confined to his bcd (p. 74). In many 
hospitals, however, it has been found that liberal feeding of 
the very poor is often better than medicine. 

The "Standard" dietaries are given below, not because they 
are inflexible requirements in any sense of the word, but merely 
for the convenience of the reader. The individual Standard 
will ever be controlled by climate, the amount and kind of 
mechanical eflFort; by appetite, purse and dietetic prejudice. 

' Woods and Mansfield: Loc, cü. 
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STANDARD DIETARIES FOR A MAN OF 70 KILOGRAMS. 



RUBNEK. 



Atwatex. 



VOIT. 

Light work: 

Proteid 

Fat 

Carbohydrates 

Calories 

Medium work: 

Proteid 118 

Fat 56 

Carbohydrates 500 

Calories 3055 

Hard work: 

Proteid 145 

Fat 100 

Carbohydrates 500 

Calories 3574 

* Carbohydrates and fats to make up the 



Rubner* cites the following food values consumed daily per 
inhabitant of diiTcrent cities, based upon municipal statistics of 
gross consumption: 

MUNICIPAL FOOD STATISTICS. 
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Königsberg 

Munich 

Paris 

London 




Fat. 



Carbobydeates. Calouks. 



84 
96 
98 
98 



31 
65 
64 
60 



414 

49a • 

465 

416 



2394 

3014 

2903 
2665 



In contrast to this comparative uniformity hospital dietaries, 
as regulated by the management of such institutions, vary greatly. 
Rubner' cites the following hospital dietaries: 



HOSPITAL DIETARIES. 



Munich.. 
Augsburg. 

Halle 

England. . 



PlOTEID. 




92 

94 
92 

107 



54 
57 
30 
69 



Carbohydeates. ' Caloshs. 



157 

222 

393 
533 



1381 
1823 

2267 

3266 



It is evident that the population of a city will sustain itself 

* Rubner: Von Leyden's "Handbuch der Ernährung/' 1903, Bd. i, p. 160. 
' Rubner: Loc. cit.y p. 157. 
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in accordance with its needs. In public institutions, howcver, 
such as poorhouses, prisons, asylums, hospitals, and in military 
and naval establishments, scientific knowledge of thc needs of 
the individual becomes a very important consideration. The 
prolonged endurancc of an army of soldiers is just as dependent 
on an ample army ration as is the battleship dependent on its 
supply of fuel. Not only the quantity of the food makes for the 
well-being, but it must taste well. No amount of actual fuel 
value could compel the American soldiers of the Spanish- 
American war to eat thc "embalmed beef" fumished by thc 
Government. The flavor is to the man what oil is to the ma- 
chinery of the battleship. Without flavor in the food the diges- 
tive apparatus does not run smoothly. In ordinary civilized 
life even psychical influences act. Thc cloth on the table must 
be spotless, and thc environment inviting. 

One takes as food milk, cggs, various mcats, suchas becf, veal, 
pork, mutton, fish; also cereals, such as bread, ricc, com, macaro- 
ni, beans, and peas. Sometimes alcoholic bcverages are added. 

The calorific values of the various nutrient materials may be 
calculatedby dctcrmining the compositionof the lattcr by analysis 
and by multiplying thc number of grams of each constitucnt by 
the factor which rcprcsents its fuel value to thc organism (p.40). 

As a simple illustration of this thc follovving expcriment of 
Rubner^ may be cited. A man weighing 46 kilograms atc 
nothing but eggs for two days, — 22 on thc first day and 20 on 
the second. The 22 eggs contained loi 7.4 grams of matcrial ; thc 
20, 878.8 grams; an average of 948.1 grams per day. Since 100 
grams of egg contain 14.1 grams of protcid and 10.9 grams of 
fat, 948.1 grams would contain a daily allowance of 133.6 grams 
of protcid and 103 grams of fat. If Rubncr's Standard values 
for the energy content are used, the rcsult will be as foUows: 

133.6 grams proteid X 4.1 = 547 calorics. 
103 -3 grams fat X 9.3 = 967 calories. 

Total = 1514 calorics. 

or 33 calories per kilogram. 

» Rubner: •'Zeitschrift für Biologie," 1S79, Bd. xv, p. 127. 
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This dietary of eggs was therefore nearly sufficient for thc 
fuel requircment of this undersized individual. Notwithstand- 
ing the large amount of proteid in the dietary, there was a loss 
of body proteid equal to 7.5 grams per day. 

Thc results of an exclusive milk diet are thus summarized by 
Rubner : * Milk (2438 grams) containing 84 grams of proteid and 
Iwo-thirds of the requirement of energy for the individual, pro- 
duced a dcposit of proteid equal to 6.7 grams daily (p. 158). To 
Cover a requircment of 2400 calories daily 3410 grams of milk 
would be ncedcd, which contain 140 grams of proteid. For 
a laboring man with a requirement of 3080 calories, 4380 grams 
of milk with 180 grams of proteid would be necessary. 

It is evident that milk with its high proteid content is a food 
par excellence for the growing organism or for the invalid conva- 
lescing from wasting diseasc. It contains too large an amount 
of proteid for a normal adult. A mixture of milk, toast and 
Cream (creamed milk-toast) may produce a "modified milk" of 
proper valuc and easy digestibility. 

Rubner finds that 1 500 grams of good white bread contain- 
ing 104.4 grams of proteid ( = 75.2 grams pure proteid) will 
maintain a workingman in nitrogenous and calorific equilib- 
rium. 

Atwater and Benedict ' have conclusi vely shown that alcohol 
may bc uscd in the economy in place of isodynamic quantities of 
carbohydrates and fats. They employed diets containing about 
2500 calories for a man at rest and 3500 for a man at work. 
During thc alcohol days 500 of thc calories were supplied in the 
form of 72 grams of alcohol, or about what is contained in a bottle 
of claret. The metabolism of the individual as expressed in 
calories was unchangcd by the addition of alcohol to the diet. 
The alcohol was given in six small doscs and 98 per cent. was 
bumcd by the organism. 

* Rubner: Von Leydcn's "Handbuch der Ernährungstherapie," 1903, Bd. 
i, p. 132. 

^ Atwater and Benedict: "Memoirs of the National Academy of Sciences," 

Washington, 1902, vol. viii, p. 231. 
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The following table shows the average of experiments on a 
resting individual which lasted 23 days: 

INFLUENCE OF ALCOHOL ON METABOLISM. 
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On the ordinary diet 33.7 grams of fat were daily added to 
the body, and on the alcohol days 34.1 grams. These very 
valuable observations make it evident that alcohol is not a direct 
cause of obesity. If, however, a young man having acquired 
certain dietary habits at home, continues the same dietary 
at College and begins to drink "in moderation" besides, his 
increasing rotundity as he retums on his vacations can be readily 
explained by the sparing influence of alcohol upon the fat in 
his diet. 

A liter of German beer contains 3 to 4 per cent. of alcohol 
and 5 to 6 per cent. extractives. It yields 450 calories to the 
body, only half being derivcd from alcohol, the rest from the 
dextrin and proteid-like extractives. Here is a material whose 
"fattening" properties may be very highly considered. 

All alcoholic beverages are taken with a twofold object, — 
first, the desire for flavor, and second, for Stimulation. Their 
food value, as above describcd, is usually little considered. In 
general it may be said that alcohol as a stomachic is valueless 
when the gastric juice is normal, but is beneficial in cases of 
hypersecretion, hypoacidity, and loss of appetite. Under these 
circumstances small amounts of beverages containing 5 to 10 
per cent. of alcohol are sufficient for all purposes.* 

* Zitowitsch: Abstract in "Biochem. Centralblatt," 1905, Bd. iv, p. 574. 
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The subject of alcohol could be spun out into a considerable 
Story, but for further details the reader is referred to other 
sources.* 

To arrange a proper dietary for a given individual or group 
of individuals the very complete and valuable tables of Atwater 
will be found most practical. Thcy are added in an appendix 
at the cnd of this volume for the benefit of the Student who may 
desire to apply in practicc his knowledge of the general laws 
of metabolism. 

Underfed or overfed individuals may alike become objects 
of commiscration and proper subjects for rehabilitation. 

* The Use of Alcohol in Medicinc: F. G. Benedict, A. R. Cushney, S. J. 
Meltzer, Graham Lusk, "Boston Medical and Surgical Journal," 1902, vol. 
cxlvii, p. 31. 



CHAPTER X. 



THE FOOD REQUIREHENT DURING THE PERIOD 

OF GROWTR 

In the last chapter the average food requireracnt of a normal 
adult organism was discussed. This diet, however, may be 
cxceeded in cases where there is a renewal of tissue foUowing 
wasting disease, or where there exists a development of new 
tissue, as during pregnancy, or afterwards during lactation, 
which involves the growth of the new-bom infant. 

Tangl* has reported some interesting observations on the 
heat production which takes place in the hen's egg incubated 
at 38°-39®. Tangl callcd this the "energy for development" 
or the "ontogenetic energy." His method was to determine 
the calories in fresh laid eggs and to compare that amount with 
the calories found within the egg-shell at the moment of the 
birth of the chick. In this latter case the chick and the balance 
of egg-yolk were determined separately. 

The results of these experiments showed that for the devel- 
opment of one gram of chick 658 small calories were used, or 
for the production of one gram of solids contained in a new- 
bom chick 3425 small calories were required. 

Parkas' has since shown that for the development from the 
egg of one gram of silkworm larvae 882 small calories are re- 
quired, or for one gram of dry solids, 3125 small calories, 
figures which he compares with TangFs for the egg. 

When the whole hen's egg is considercd, Tangl finds that 
32 calories or 35 per cent. of the amount of chemical energy in 
the original egg is deposited in the body of the young embryo. 
Sixteen calories or 17 per cent. of the original total is used as 
the energy of development in the production of the young chick. 

» Tangl: "Pflüger's Archiv," 1903. Bd. xcviii, p. 327. 
' Farkas: Ibid., Bd. xcviii, p. 490. 

X3 »93 
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The balancc or 48 per cent. of the original energy in the egg is 
largely found in the abdomen of the chick and is absorbed by 
the animal du ring the early days of life. 

It is apparent from the above that approximately one-sixthof 
the energy in a hen's egg is used in the development of a chick 
whose body containsone-lhird the original energy of the egg. The 
olher half of the energy becomes available for the chick during 
the first days of his life, through absorption from the intestinal 
wall. 

Tangl finds that each egg loses in solids during incubation, 
and that the heat value of one gram of such solids is over 9 
calories. Since one gram of fat yields 9.3 calories, the natural 
inference is that fat fumishes the energy for development. 

Hasselbalch * had formerly shown that the respiration carried 
on by an egg indicated a respiratorj' quotient (^) amounting 
to 0.677. This low quotient points to the combustion of fat. 

It is obvious from this work that chemical energy derived 
principally from the oxidation of fat is used in the development 
of ihe cmbryonic chick — ihe energy of ontogenesis. So, during 
l)rcgnancy in the higher animals, not only must there be growth 
of the brcasts, the uterine musculature, and growth of the 
embryo itsclf , but there must be energy expended in maintaining 
the new organism. Hence the appetite of the mother increases 
during pregnancy. Magnus- Levy' finds an increased require- 
ment for oxygen on the part of the mother as pregnancy pro- 
gresses. His table is as follows: 

OXYOEN IN C.C. 
PER MIN. 

Xon-prtj^nant 302 

Third month of pregnant a* 320 

Fourth " " ' P5 

Fifth " " 340 

Sixth " " 349 

Scventh " * 378 

Fighth " •' ^6^ 

Xinlh " '• 383 

' Hasstlbalch: "Skan. Archiv für Phvsiol.," 1900, Bd. x, p. 353. 

* Magnus-Lew : "Zeitschrift für Gynäkologie u. Geburtshilfe," 1904, Bd. 
lii. Also sec Magnus- Levy: Von Noordcn's "Handbuch des Stoffwechsels," 
1906, Bd. i, p. 409. 
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Magnus-Levy estimatcs that of the 80 c.c. additional oxygen 
required during the ninth month of pregnancy, only 10 c.c. are 
used for the metabolism of the fetus, 20 c.c. for the increased 
respiratory and heart activity, while 50 c.c. are for the gencral 
needs of the matemal organism, which has increased in size 
and weight. 

On empirical grounds von WinckeP for many years has 
used the following diet for pregnant women with, he says, 
**excellent results": 



Proteid 90 grams. 369 calories. 

Fat 27 •* 251 

Carbohydrates 200 " 820 



II 



Total 1440 " 

This certainly seems a very low ration and one hardly com- 
patible with fumishing the füll calorific requirement. The 
dietary provided in the New York Infirmary for Women and 
Children is twice as large, being Atwater's diet for a woman 
doing moderate work. It is as follows: 

Proteid 100 grams. 410 calories. 

Fat 100 " Q30 " 

Carbohydrates 360 ** 1476 " 

Total 2816 

Not the mcre maintenance of the mother, but a charitable 
contribution of reserve tissue for hersclf and offspring is here 
effected. 

Some very instructive experiments have been performed to 
ascertain the course of the proteid metabolism bcfore and after 
pregnancy. 

Zacharjewski' investigated the ni trogen metabolism of nine 
pregnant women. In three primipar« nourished on diets con- 
taining an average of 16.5 grams of nitrogen, there was an 
average daily retention of 1.4 grams in the mother's organism 

* Von Winckel: Von Leyden's "Handbuch der Ernährungstherapie," 1904, 
Bd. ii, p. 469. 

' Zacharjewski: '* Zeitschrift für Biologie," 1894, Bd. xxx, p. 405. 
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for thirteen days before parturition. In six multiparae the diet 
contained 20.66 grams of nitrogen and there was a daily reten- 
tion of 5.122 grams of nitrogen during the last eighteen days of 
pregnancy. The figures correspond to a considerable con- 
struction of proteid tissue within the organism. After child- 
birth there was always a loss of tissue nitrogen by the mother. 
In one case nitrogen equilibrium was established on the fifth 
day, and in anothcr on the fourth. In six cases the loss of body 
nitrogen continued over a longer time. Zacharjewski says 
that the process of involution of the Uterus is greatest during 
the first five to seven days after dclivery, and the high nitrogen 
Output from the mother is the result of this. After the elimi- 
nation which is due to these regressive changes, there is a 
retention of nitrogen. This is probably attributable to the 
building up of the lactic glands, for Slemons* shows that nitro- 
gen equilibrium, once established, was constantly maintained 
in a woman who did not nurse her child. 

The complete record of the nitrogen elimination of a nursing 
mother, one of Slemons's cases, is here reproduced. It isespe- 
cially instructive on account of the constancy of the quantity of 
nitrogen in the diet. The woman was a negress who gave 
birth to a hcalthy, vigorous child. 

During the last days of pregnancy there was an average 
daily storage of 2.98 grams of nitrogen, and for eight days of the 
Puerperium an average loss of 4.5 grams. Later, between 
the nineteenth and twenty-fifth days after birth there was an 
average daily storage of 2.52 grams of nitrogen. This may 
have been for the purpose of increasing the size of the breasts. 
It must bc remembered that even during the period of involu- 
tion an increase in the lactic glands may have been taking 
place at the expense of proteid derived from the Uterus. So 
the debit balance of nitrogen during this period may not repre- 
sent all the proteid change taking place. 

The mother had plenty of milk and the baby gained an aver- 
age of thirty grams a day during the first forty days of his life. 

' Slemons: "Johns Hopkins Hospital Reports," 1905, voL xii p. 121. 
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Siemens remarks that the low proteid metabolism as indi- 
cated by the urinary nitrogen of the period of settled lactation 
is a proof that there can be no important production of milk 
fat from proteid. 

PROTEID METABOLISM BEFORE AND AFTER CHILDBIRTH. 

WeICBTS ARE IN GrAMS. 
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In the above experiment it will be noticed that the nitrogen 
of the milk is small in quantity as compared with the urinary 
nitrogen. On a strictly vegetarian diet the relation would 
change. Thus Voit* found 48.8 grams of nitrogen in the milk 
of a cow and 93.7 grams of nitrogen in her urine for the same 
period. Fingerling* finds 5.97 grams of nitrogen in the milk of 
a goat and in her urine 9.48. 

> Voit: "Zeitschrift für Biologie," 1869, Bd. v, p. 122. 
' Fingerling: Ihid,, 1905, Bd. xlvii, p. 84. 
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The influence of nutrition on the production of milk has 
becn the object of countless investigations, but unfortunately 
most of these experiments have been conducted for commercial 
purposes on cows and goats. These animals, with their funda- 
mental ration consisting of hay, do not allow of the ingestion 
of simple foods. On the other hand the milk supply of even a 
large bitch is verj- limited in quantity and is with difficulty 
obtained. The writer is not avvare of any systematic obser- 
vations on the composition of human milk as influenced by 
food, although such researches would seem of vast importance. 

Perhaps the most valuable research which can to-day bc 
used is an old one of Voit ' upon a bitch weighing 34 kilograms. 
It confirmed the previous work of Kemmerich and of Subotin. 
The animal was given meat alone, meat and starch, meat and 
fal, starch alone, fat alone, and was also starved. The influence 
upon the milk secretion was found to be comparatively small. 
The research is a model of completeness, the plan of which 
could well be copied in an experiment on a human being. 

A part of the results are given below: 



INFLUENCE OF DIET ON THE COMPOSITION OF THE MILK OF 

A DOG WEIGHING 34 KILOGR.\MS. 
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» Voit: "Zeitschrift für Biologie,*' 1869, Bd. v, p. 137. 
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The largest quantity of milk as well as the riebest in pro- 
teid was obtained when meat er meat and fat were ingested. 
Curiously enough a diet of 500 grams of meat and 300 grams 
of fat gave milk of the same amount and quality as with 2000 
grams of meat. It is usually said that a large protcid diet 
stimulates the milk secretion; but this may also be due indirectly 
to the multiplication of the gland cells. 

The milk sugar content was scarcely affected by the diet, 
although a slight percentage increase was obser\'ed after starch 
ingestion. 

The fat content was increased in starv^ation to its highest 
percentage. It was not very greatly affected by adding fat to 
a meat diet and it was greatly reduced by giving carbohydrates. 

The action of fasting on the fat content of milk is better 
shown in the herbivorous goat. The writer' gave a milch goat 
a constant diet of hay, commeal and bran, starved the animal 
for two days, and then continued the former diet. The fat con- 
tent of the milk was determined. The results were as foUows : 

Milk in cc. Fat in G . Fat in per Cent. 

460 26.50 5.76 

470 25.90 5.52 

338 23.90 6.23ls^^^^j 

19S 18.35 9.27/ 

232 18.75 808 

298 16.30 5.47 

348 1940 5-6i 

362 22.30 6.16 

490 27.70 5.66 

In fasting, therefore, the fat content in the milk of the herbiv- 
orous goat approaches that contained in the camivorous dog. 
With a retum to the normal diet the fat content in goat's milk 
is reduced to its former level. 

Morgen, Beger and Fingerling* find that a diet rieh in carbo- 
hydrate and poor in fat produces a poor cow's milk containing 
little fat, although the general condition of the animal remains 

* Lusk: "Zeitschrift für Biologie," 1901, Bd. xlii, p. 42. 

* Morgen, Beger and Fingerling: "Landw. Versuchsstationen," 1904,30. 
bd, p. I. 
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perfect. Addition of proteid increases the quantity of the milk 
without changing the low fat percentage. Rq)lacement of 
some of the carbohydrate with isodynamic quantities of fat, up 
to 0.5 to i.o gram per kilogram of animal, largely increased the 
fat content of the milk and thereby its nutritive value. 

It has long been known that ingested fat may appear in the 
milk of an animal. Quite recently Gogitidse* has shown that 
after giving linseed oil to sheep their milk fat may contain 33 
per Cent, of linseed fat. He also finds* that the fat of linseed oil 
passes readily into human milk, and that the fat of hempseed, 
while influencing the composition of the milk, greatly depresses 
lactation during the period of its ingestion. 

How may these various effects of diet be explained? The 
subject requires a knowledge of the processes going on in the 
lactic gland and these are not certainly known. It has been 
generally believed that the cells of the lactic glands undergo a 
fatty metamorphosis and, themselves breaking up, pass into the 
milk (Voit, Heidenhain). The milk imder these circumstances 
might be regardcd as the substance of an organ, made fluid. 

Schäfer,' however, believes the process to be one of secretion 
similar to that in the salivary glands, where the cells prepare 
the special constituents and pass them on to the lumen. Thus 
casein, hke ptyalin, may be specially elaborated within gland 
cells. 

If this be the true explanation, the influence of food, in the 
writer's opinion, may be readily explained. An increased pro- 
teid ingestion fumishes the digestive products of this sub- 
stance in liberal quantities and may increase the activity of the 
gland. 

The milk sugar content of the milk remains remarkably 
constant. Cremer,* for example, has shown that the percentage 
of milk sugar in the milk is unchanged in the cow after dimin- 

* Gogitidse: "Zeitschrift für Biologie," 1904, Bd. xlv, p. 365. 
' Gogitidse: Ibid.f 1905, Bd. xlvi, p. 403. 

* Schäfer: "Text-book of Physiology," 1898, vol. i, p. 667. 

* Cremer: "Zeitschrift für Biologie/' 1898, Bd. xxxvii, p. 78. 
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ishing the sugar content of the animal by inducing phlorhizin 
diabetes. 

To explain the fat content of the milk, the writcr offers the 
following theor}': When for any reason sufficient sugar does 
not bum in the body cells, these sugar-hungry cells allract fat. 
It has aiready been secn that glycogen and fat content of 
the liver are mutually antagonistic. Before lactation sets in, 
the cells of the mammary glands bum sugar and there is no 
great attraction for fat. Milk sugar cannot be formed in any 
great quantity before parturition, bccausc it occurs in the urine 
only post-parlum} But when in the process of lactation the dex- 
trose fumished by the blood is converted into milk sugar 
(which cannot be bumed within the organism), the lactic cell 
becomes a sugar-hungry cell which at once attracts fat from the 
blood. This theory of the writer explains the production of 
milk fat by the process of infiltration. The Variation of the 
percentage of fat in the milk may be explained by the quantity 
of fat in the blood. During starvation ihc blood becomes rieh 
in fat on account of the Iransportat ion of tissue fat to the cells. 
Wministration of sugar at once reduces the supply of fat in the 
blood. But if fat be ingested with carbohydrates the blood 
becomes rieh wilh this fat and affords material for a rieh milk. 

Administration of good cream with a substantial mixed diet 
is highly to be recommended for nursing mothers. The daily 
production of a liier of milk, which has a value of 640 calories, 
indicates the necessity of no small addition to the daily ration, 
if the woman is to bear satisfactorily the strain of lactation. 
Probably this extra nourishment is best given in the form of 
fat. Beer is also said to increase the fat content of the milk.' 

Should the fat of the milk disagree wilh the Infant, the 
trouble may bc due to the-kind of fat ingested by the mother. 
If, however, the Indigestion be due to a large percentage of fat, 
a carbohydratc diet will reduce the percentage in the milk. 

' Lcmsire: "Zdlschrifi (Ur physiologische Chemie," 1896, Bd. uä, p, 443, . 
' Taatsnxy: " CenIralblatI für iJie med. Wiueoschafteu," 1900, Bd. zzxviü, 
p. 688. 
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A vcrj' important fact regarding the nutrition of the young 
is that ihe milk of one race is specifically adapted to the growlh 
of the off spring of that particular race. Bunge * found that dog's 
milk had an ash of exactly the same composition as the ash of 
the new-bom puppy. The ash of the milk was therefore per- 
fectly adapted for the construction of new puppy tissue. It 
was, however, entirely different in composition from human, or 
cow's, or other milk. Only in the case of iron is the quantity 
lower than corresponds to the composition of the offspring, 
but this factor is offset by the fact that the animal when new- 
bom is richer in iron than it is at any other period of life. Not 
only this, but the casein of the different milks is different in 
chemical behavior. And besides this, the rennin of the stom- 
ach is Said to be specifically adapted for the coagulation of the 
casein produced by the female of the same race.' 

Furthermore, the percentage quantity of the constituents in 
the milk is dependant upon the rapidity of the growth of the 
organism. Bunge' has shown this in the foUowing comparative 
table: 

Tim IN Davs for 

THE New-BOKN 

Animal to ioo Parts or Milk Coktain 

Double its Weicht. Proteid. Ash. Calcium Oxide. 

Man i8o 1.6 0.2 0.0328 

Horst* 60 2.0 0.4 0.124 

Calf 47 3.5 0.7 0.160 

Kid j(> 4.3 0.8 0.210 

Pig 18 5.6 

Lamb 10 6.5 0.9 0.272 

Dog 8 7.1 1.3 0.453 

Cat 7 9.5 .. 

Camcrer* finds that human milk, drawn three to twelve 
days aftcr parturition, contains 0.2 milligram of iron (PcjO,) 
per IOC c.c, while the later milk contains o.i milligram. The 
quantity is dccreased if the environment or the condition of the 

* Bunge: "Zeitschrift für Biologie," 1874, Bd. x, p. 326. 

' Kiesel: "Pflüger's Archiv," IQ05, Bd. cviii, p. 343. 

'Bunge: "Lehrbuch der physiologische Chemie," 1898, p. 118. 

*Camerer: "Zeitschrift für Biologie," 1905. Bd. xlvi, p. 371. 
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mother be poor/ Using the customary methods of infant 
feeding with cow's milk, the infant obtains too little iron. 

Blauberg' reports the following percentage absorption of 
the ash of cow's and human milk: 

Per Cent. Milk 
Kind op Milk. Subject. Ash Absokbed. 

Cow's Infant. 60.70 

Diluted cow's '* 53'72 

Human *' 79-42 

Human " 81.82 

Cow's Adult. 53-20 

The quantity of calcium in cow's milk is in excess of the 
needs of the human infant. 

The absorption of the energy-containing constituents of the 
milk is remarkably constant. This is illustrated in the follow- 
ing table made from Rubner's experiments* which show the 
physiological utilization of the total calories of milk : 

Per Cent, op Calories 
Absorbed. 

Human milk 91.6 to 94.0 

Diluted cow's milk 90.7 

Diluted cow's milk + milk sugar 92.2 

Same given to stunted infant 87.1 

Cow's milk given to an adult 89.8 

As regards the relative composition of average cow's and 
human milk five and a half months after parturition, the fol- 
lowing comparison may be made. 

PERCENTAGE COMPOSITION OF COW'S AND HUMAN MILK. 

Cow's* HüllAK* 

Proteid 3.41 i.o 

Fat 3.65 3.0 

Milk sugar 4.81 6,4 

* Jolles and Friedjung: *'Arch. für experimentelle Path. und Pharm.," 
1901, Bd. xlvi, p. 247. 

' Blauberg: "2^itschrift für Biologie," 1900, Bd. xl, p. 44. 

* Rubner: Ibid., 1899, Bd. xxxviii, p. 380. For further statistics of absorp- 
tion consult Tangl: "Pflüger's Archiv," 1904, Bd. civ, p. 453. 

* Rubner: Von Leyden's "Handbuch," 1903, Bd. i, p. 95. 

* Rubner and Heubner: "Zeitschrift für ex. Pathologie und Therapie," 
1905, Bd. i, p. I. 
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Or, expressed in the relative calorific value of the diflferent 
constituents this comparison may be given:* 

PERCENTAGE DISTRIBUTION OF CALORIES IN COW'S AND 

HUMAN MILK. 

Cow's. Human. 

Proteid 21.3 7.4 

Fat 49.8 43.9 

Milk sugar 28.9 48.7 

Here, then, thcrc are tremendous differences of composition 
which forccs ihc conclusion that cow's milk is not to be sub- 
stituted for human milk in rearing a child. 

Patein and Daval' find that human milk after the first 
month of lactalion contains but 0.8 to i per cent. of casein. 

Another distinction between cow's and human milk is that 
the former contains but little extractive nitrogen while the latter 
may contain 18 to 20 per cent.' This is probably one of the 
causes of the increase of the ^, ratio (p. 36) to over one in the 
urine of breast- f cd infants. 

The large proteid content of cow's milk may be evil for the 
child. In the first place it clots in a heavy mass in the baby's 
stomach ; and in the second place, even though it be digested, it is 
rclativcly much above the requirement of the organism, and its 
specific dynamic action increases the amount of heat produced. 

If cow's milk be diluted with two or more parts of water, its 
proteid content may approach that of human milk and its pre- 
cipitation by rennin in the stomach is in the form of flakes. 
This precipitation of cow's casein takes place in even finer 
flakes when the milk is mixed with barley water, as was shown 
by Chapin. 

Chapin's observations, in which the writer assisted, have 
bcen confirmed by White,* who says that this action is due to 
the presence of three-fourths to one per cent. of dissolved starch. 

* Rubner: "Energiegesetze," 1902, p. 418. 

'Patein and Daval: "Journal de Pharm, et de Chemie,** 1905, T. 21, p. 193. 
' Rubner and Heubner: Loc. cit. 

* White: "Journal of the Boston Society of Medical Sciences,** 1900, vol. 

V, p. 130. 
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The dilution of cow's milk, however, reduces the quantity 
of fat and carbohydrates, and thcse must therefore bc added to 
the milk in order to make a proper diet for a child. 

To obtain a sufficient fat content, **top milk,*' rieh in fat, 
may be taken from milk which has been Standing, and may be 
mixed with water. Milk sugar may then be added. 

Such a milk is called "modified milk" and infants are 
brought up on it with greater success than was the case when 
undiluted cow's milk was given. 

Human milk has a varying calorific value dependent largely 
on the amount of fat present. Thus Schlossmann ^ finds the 
calorific value per liter of nineteen samples of milk from nine- 
teen women averages 719 calories, with a maximum of 876 
and a minimum of 567. The milks having the largest fuel 
value contained 5.2 to 5.1 per cent. of fat, while that having the 
lowest contained only 1.8 per cent. 

The amount of the child's metabolism is dependent on 
his size. Rubner states that a baby weighing 4 kilograms 
produces 422 calories, an adult weighing 40 kilograms, 2106 
calories. But the metabolism per unit of area is the same. 

Rubner and Heubner* summarize their results on the metab- 
olism of diflferently conditioned children as foUows: 



Calobiks pek Sq. 
Weicht in kg. Meter of Surpace. 



Infant of stunted growlh 3 1090 

" at the breast 5 1006 

" on cow's milk 8 1 143 

" at the breast 10 1219 



The metabolism in all these cases was essentially the same 
per Unit of area. 

In the last case the very noticeablc amount of muscle move- 
ment and crying while the child was in the respiration appa- 

^ Schlossmann: "Zeitschrift für physiologische Chemie," 1903, Bd. xxxvii, 
p. 340. 

'Rubner and Hcubner: "Zeitschrift für ex. Pathologie und Therapie," 
Z905, Bd. i, p. I. 
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ratus incrcased the metabolism. Further details regarding this 
case give a very complete picture of the metabolism of an Infant 
The child weighed 4.06 kilograms at birth, and about 10 kilo- 
grams at the time of the experiment when five and a half months 
cid. He was given his mother's milk. 

The first day of the experiment the child was very uncom- 
fortable on account of his new environment. The last day he 
was given only a small quantity of tea, and was therefore in 
a State of practica! starvation. The carbon dioxid excretion on 
these days was as follows: 

GlAMS OP COs 

Day. in »4 Houms. 

First 278.8 

Sccond 219.9 

Third 228.1 

Fourth 231.1 

Fifth 218.2 

The diet on the second, third and fourth days consisted of 
1 258 grams of human milk per day containing : 



Total nitrogcn 1.99 grams. 

^'at 37.73 

Milk sugar 80.5 



«< 



Of the total nitrogen only 1.63 grams were contained in true 
proteid, the rest being in nitrogenous extractives. The per- 
centage composition of this milk is given on page 203. Its 
actual nutritive value was 634.5 calories. 

The balance sheet of the rcspiration experiment showed the 
foUowing daily result: 
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The Infant was ncarly in calorific equilibrium during the 
pcriod of milk ingestion. Thcre were 634.5 available calories 
in the milk and 660.5 calories produccd in the metabolism. 

The quantity of the proteid metabolism was extremely 
smally being 9.6 grams according to the usual method of com- 
putation. The milk contained proteid to the cxtent of 7 per 
Cent, of its total calorific content. Of this only 5 per cent. was 
metabolizcd and 2 per cent. was added to the body. The 
metabolism of an infant may thcrefore be maintained on a diet 
in which 5 per cent. of the energy is supplied by proteid and 
95 per cent. by fats and carbohydrates. 

The specific dynamic action of the milk was almost negli- 
gible, the metabolism being approximately the same during the 
period of feeding as during that of starvation. Curiously 
enough, the proteid metabolism was the same on days of milk 
ingestion as in starvation. 

This child gained normally in weight before and after the 
respiration experiment, but during that time, struggling and 
crying prevented fat addition to the otherwise well-developed 
normal Infant.^ 

W. Camerer, Jr.,' shows that a breast- fed infant nine months 
old may ingest 480 calories in the milk, produce 420 calories in 
metabolism and add 60 calories to his body, or 15 per cent. of 
the energy content of the diet. In this case 40 per cent. of the 
proteid intake was added to the growing organism. 

Rubner and Heubner' havc reportcd a respiration experi- 
ment on a child seven and a half months old, nourished with 
modified cow's milk. The intake was 682.8 calories, the 
metabolism 593.2, leaving 89.6 calories or 12.2 per cent. for 
addition to the child's organism. 

It is remarkable that a child's intuitive sense of appctite 
should determine the ingestion of nutriment necessary to cover 

* Heubner: "Jahrbuch für Kinderheilkunde," 1905, Bd. Ixi, Heft 3. 
' W. Camerer, Jr.: "Zeilschrift für Biologie," 1902, Bd. xliii, p. i. 

* Rubner and Heubner: "Zeitschrift für Biologie," 1899, Bd. xxxviii, 
P- 345- 
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the energy rcquirement of his organism, and a small addition 
for normal devclopment. A reduction of 15 per cent. in the 
intake of food would bring his prosperous growth to a standstill. 

Hcubner* says that the average normal infant requires 100 
calories per kilogram of body weight for normal nutrition dur- 
ing the first three months of his Ufe; 90 calories during the 
second three months, and 80 and less thercafter. The energy 
content of the food should never sink below 70 calories per 
kilogram, which is about the maintenance minimum. 

Oppenheimer' first called attention to the fact that the growth 
in grams of normal breast-fed children of the same age, may be 
nearly proportional to the quantity of milk ingested. Here the 
milk presumably had the same calorific value throughout the ex- 
pcriment although this could not be determined. The quantity 
of milk taken at cach meal was found by weighing the infant be- 
fore and af tcr nursing. Oppenheimer's table is here reproduced : 

GROWTH IN GRAMS FOR 1 KG. MILK. 

FcKi's Oppenheiiiu's 

MONTH. SUBJECT. SUBJECT. 

1 33-8 950 

II IQI.2 201.1 

in 120.3 138.5 

IV 102.6 io3'3 

V 57.7 120.8 

The Proportion of growth to milk given was practically the 
same during the second, third, and fourth months of these 
children's livcs. 

That the growth of suckling pigs may be proportional to the 
calorific value of the milk has been shown by work accomplished 
by Dr. L. C. Sanford and Dr. Margaret B. Wilson* in the 
writer's laboratory. Newly bom pigs of two litters were reared 
on skimmcd cow's milk and on the same milk fortified with 
two and thrcc per cent. of glucose or of milk sugar. The 
experiments werc continued from fourteen to sixteen days. The 
results obtained in thcsc experiments are thus tabulated: 

* Hcubncr: "Berliner klinische Wochenschrift," 1901, p. 449. 
'Oppenheimer: "Zeitschrift für Biologie," 1901, Bd. xlii, p. 147. 

• Wilson: " American Journal of Physiolog)'," 1902, vol. viii, p. 197. 
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GROWTH OF SUCKLING PIGS. 



Weight in grams when 

bom 

Weight in grams when 

killed 

Growth in grams. ... 
Growth in per cent. . 

Milk fed in c.c 

Available caloriesfed 
Growth in grams per 

liter of milk 

Growth in grams f>er 

1000 calories fed . . 



Wilson 



Sanford and Lusk. 




Dex- 
trose. 



"52 

2000 
848 

73-6 
9481 

3972 



89 



213 



It is Seen that the growth of the pigs in grams was directly 
proportional to the calorific value of the food to the organism. 
The one exception was that of an ill-nourished pig fed with 
skimmed milk. This was an improperly nourished animal 
taking too little food and remaining behind his fellow^s in normal 
development. But that five out of six pigs of dififerent litters, 
of different sizes and differently fed, should have gained in 
weight respectively 213, 214, 215, 218, and 222 grams per thou- 
sand calories in the food ingested seems more than a coincidence. 

A pig doubles in weight in eighteen days after birth. The pig 
of Dr. Wilson, brought up on skimmed milk with 3 per cent. 
of milk sugar added, neariy doubled in weight in sixteen days. 

Comparing the fuel value of sow's milk and that of the 
skimmed cow's milk to which milk sugar had been added, 
the following results are significant. Of 100 calories in the 
food there are: 

Skim Milk 4- 3 Pfr 
Sow's MiLK.^ Cent. Milk Si:(;ar. 

Proteid 34. i 36.5 

Fats 52.4 2.5 

Carbohydrates 13.5 61.0 

^ Calculated from König: ''Zusammensetzung der menschlichen Nah- 
rungsmittel/' 1889, p. 350. 

14 
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It is apparent from this that normal growth of the yoiing 
organism may be attained by the replacement of fat by milk 
sugar in isodynamic quantity. This fact may become of impor- 
tance in infant fceding. 

Dr. Wilson found that whcn the pigs reared on these diets 
were killed and thcir composition compared with that of three 
pigs of the samc litter which were killed at birth, there was a 
retention for growth of i8 to 19 per cent. of the energy in the 
food. This retention of a definite nutrient factor is a necessary 
corollary to the fact of the growth being proportional to the 
calorific intake. 

In children Camerer found 15 per cent., Rubner and Heub- 
ner 12.2 per cent. so retained. 

The perccntagc of calcium (CaO) in the dry solids of the 
pigs reared on the various skim milks was 8.29, 8.02 and 8.13, 
showing that the absorplion of calcium depended on the growth 
of ihc organism, and not on a Variation in the quantity ingested. 

Anolher instance which demonstrates that the young organ- 
ism may grow in proportion to the energy ingested in the food, 
is brought to light by calculations based on the w^ork of E. 
Rost.* This author gave meat, fat and bone ash to three dogs 
of the same littcr, the experiment starting on the ninety-eighth 
day of thcir lives and continuing eighty-eight days. The 
writer has thus calculated the results: 

Doo. I. DoG. II. Doo. ni. 

Wfight in grams at slarl.. . 3,200 2,200 4,150 

Wcight in grams at end 6,280 4,620 ^,750 

Cirowth in grams 3,o8o 2,440 4»6oo 

CiFowth in i)or cent 96 iio iio 

Availablc calorics ingested. 24,420 17,336 34,276 
(iain in grams per 1000 cal- 

ories ingested 122 141 134 

It is worthy of note that these growing dogs, fed with meat 
and fat, gained in weight nearly the same number of grams 
jjer 1000 calories ingested in the food. This law of growth 
scems reasonably established. It simply expresses the fact 

* Rost: "Arbeiten aus dem kaiserlichen Gesundhdtsainte/' 1901, Bd. zvüi, 
p. 206. 
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that during the normal development of the young of the same 
age and species, a definite percentage of the food is retained 
for growth irrespective of the size of the individual. 

Bunge* has recently recalled the relationship between ra- 
pidity of growth and longevity, as originally suggested by 
Flourens in 1856. This writer believed that if the time of reach- 
ing the end of growth be multiplied by five, the average term 
of life might be computed. This relationship may thus be 
tabulated: 



TABLE SHOWING FLOURENS' LAW OF LONGEVITY. 



Man.. 

Camel 

Horse 

Cow.. 

Lion. . 

Cat. . . 

Dog.. 



Tims in Days 

FSOM BiRTH TO 

Double Bikth- 

WZICHT. 



180 

• • 

60 

47 

• • 

9 



Tm IN Years 
Until Füll 
Growth. 



20 
8 

5 
4 
4 

li 

2 



Depüced Aver- 
age Longev- 
ity IN Years. 



90-100 
40 

25 
15-20 

20 

9-10 

10-12 



Maximum R ■ • 
coRDED Lon- 
gevity IN 
Years. 



152-169 
100 

50 

• • 

60 
20 

24 



Bunge calls attention to the fact that a horse more often 
lives to be forty than a man to be a hundred. Either the law 
is false, or man is a too early victim of an improper heredity 
or environment. 

For metabolism in boyhood, see page 146. 

* Bunge: "Pflüger*s Archiv," 1903, Bd. xcv, p. 606. 



CHAPTER XI. 

KETABOUSn IN ANEHIA, AT HIGH ALTITUDES, IN 
nYXEDEHA AND IN EXOPHTHALfflIC GOITER. 

• 

In man one-thirteenth part of the body weight is carried as 
blood to thc lungs at least evcry minute and there cxposcd for 
a period of two scconds to thc action of the alveolar air. Thc 
blood in thc capillarics of the lungs may be cstimated as a film 
o.oi millimetcr in thickness, and 150 Square mcters in arca, or 
nearly a hundred times thc arca of thc surfacc of the body. 
Zuntz cstimatcs thc combincd thickness of thc alveolar wall and 
capillary wall at 0.004 nini- This is thc total distance sepa- 
rating thc alveolar air from the blood. Thc gaseous cxchange 
bctwccn thc air and thc blood is thus readily made possiblc. 
Complctc dcprivation of oxygen results in asphyxiation and 
dcath. 

Thc qucstion arises, Will there be any cfFcct upon metab- 
olism if the oxygen supply for thc body be reduced? Such a 
reduction of oxygen available for the tissues might be brought 
about by bloodlctting, anemia, carbon-monoxid poisoning, by 
life on high mountains, or in balloons at high altitudes, or 
in pneumatic cabinets at reduced pressure, or by the artificial 
rcstriction of the free influx of atmospheric air into the lungs. 
Any of thcsc methods if carried beyond a certain point is known 
to produce dcath. 

It was noted by Lavoisier and confirmed by Regnault and 
Reiset that thc respiration of pure oxygen did not increase the 
mctabolism. Liebig was convinced that atmospheric pressure 
was without influence, for it was evident to him that life at the 
sea-lcvel was of the same character as on high mountains. In 
confirmation of these principles Zuntz* has recently shown that 

* Zuntz: "Archiv für Physiologie," 1903, Suppl., p. 492. 
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if air rieh in oxygen be respired, thcre is an increased oxygen 
absorption lasling for about onc minute, and then tht normal 
quantity is absorbed. The primary incrcasc in thc quantily 
of oxygen absorbed is due to ihe fiUing of thf lungs with oxygen 
and a further Saturation of the blood with it, processes which 
are without effect on tissue metabolism. There is apparently 
no rctention o£ such oxygen within the ccUs of the organism. 

The considcration of thesubject of subnormal oxygen suppiy 
may be taken up with bloodletting, which produces an artificial 
anemia. Bauer ' in Voit's laboralory, was thc first lo study this 
systematically and found that the inunediate result of blood- 
letting in the dog was an increased proleid metabolism, but 
that the carbon dioxid eliminalion was unchanged. Eighteen 
to 27 per Cent, of the total blood in the body was removed in 
thcse experiments. 

Hawk and Gies' confirm the results of a higher proteid 
metabolism after bloodletting. 

Finkler' in Pflüger's lalroratory withdrcw one-third of the 
total blood from a dog, thcrcby reducing the rapidily of blood- 
flow in the femoral arlery by one-half, and yet there was no 
change in the quantity of oxygen absorbed, and thercforc of the 
quantity of the carbon dioxid exhaled. Finkler noted, howevcr, 
that the quantity of oxygen in the venous blood grew conslantly 
less after repeated blcedings, This indirates the inter-relation 
between thc oxygen suppiy and thc needs of the tissues. Under 
ordinary circumstances there are 20 volumcs per cent. of oxygen 
in the arterial blood of which 12 volumcs per cent. may relum 
as an unused excess to the right hcart. Repeated blcedings by 
jFinkler reduced this percenlage in venous blood from 11,80 
per cent. to 8.80, 4.06, and 2.71 per cent. The carbon dioxid 
content of the blood rcmaincd unchanged. This decrease in 
ihcoxygencontent of the blood may stimulateboth the heart and 
respirat iontocompensatoryactivity.although nothing resembling 

Bauer: "Zeitschrift für Biologie," 1871, Bd. vüi, p. 567. 

Hawk and Gics; ■■American Journal of Phjsiology," 1904, vol. li, p. 136. 

Fintier: ■■ Pflüger's Archiv," 1875, Bd. i. p.^bS. 
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asphyxia be present. While the total heat production is im- 
changed in anemia following bloodletting (except as inäuenced 
by increased cardiac and respiratory activity), still it is evident 
from the diminution of oxygen present in venous blood that a 
largely increased metabolism would not receive a sufficient 
supply of oxygen from the blood. Hence the anemic organism 
is incapable of great muscular work without quick exhaustion 
accompanied by rapid respiration and heart-beat. These lat- 
ter are further efForts of compensation for the decrease in the 
oxygcn-carrying elements of the blood. 

Pettenkofer and Voit* observedthe metabolism in an acute 
casc of leukocythemia of four years' duration, and at a time 
four months before the death of the patient. There was one 
white to evcr\' threc red blood-corpuscles, a high degree of 
anemia, and great physical weakness. The metabolism was 
exactly the same as in a normal resting man living under the 
samc dictarv conditions. 

After bloodletting of any considerable magnitude, lactic 
acid and, it is rcportcd, a small amount of sugar, appears in 
the urinc. Thus Araki ' found lactic acid in the urine of rabbits 
which had been bled. He also found lactic acid in the urine of 
rabbits which had been exposed to the action of rarefied air, 
and he found lactic acid and dextrose in the urine of animals, 
the oxygcn-carrying capacity of whose blood had been dimin- 
ished through the respiration of carbon monoxid. It should be 
noticed in passing that wherever lactic acid is formed in the 
organism there is a concomitant rise in proteid metabolism. 
The anemic condition may possibly influence the enzyme 
which normally brcaks up lactic acid, so that its metabolism is 
not effected. Since this lactic acid is a derivative of dextrose, 
its non-combustion may raise the proteid metabolism to a higher 
level, just as is the case when sugar remains unbumed in dia- 
betes. This is true in spite of the fact that the total metabolism, 

1 Pettenkofer and Voit: "Zeitschrift für Biologie," 1869, Bd. v, p. 319. 

'Araki: "Zeitschrift für physiologische Chemie/' 1894, Bd. xix, p 
424. 
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as represented by the heat of combustion of proteid and fat, 
remains unaltered. 

Another fact which has bcen obscn-ed by Lcwcnslein' is 
that whcn rabbils are kept in a bell-jar at a baromctric pressure 
of 300 to 400 mm. (corresponding lo 5000 tu 7500 meters above 
sea-levcl) they die on the second or third day and autopsy 
reveals extreme fatty intiltration of hcarl, livcr, kidney and dia- 
phragm. These animals took no food. The cause of this fatly 
change, in the prcsent writer's opinion, was thc Icssened com- 
bustion of sugar or its derivative, lactic acid, which always 
induces an abnormal deposit of fat in atiy sugar-hungry cells 
(P- 246). 

Kohler' artificially compressed the Irachea of rabbits by 
tying a lead wire around it. The animals recovered from the 
Operation and lived for four weeks in a condition of dyspnea. 
Appetite, wcight, urine, and body temperaturc remained normal 
almost until the end. The dyspnea was apparently insufEcient 
to affect the metabolism, Increased respiration and heart 
actii-ity were effectual eSorts at compcnsation, so that ihere 
was no lack of oxygen in the animals. Howcver, thc altered 
pressure in the lungs and the prevailing dyspnea brought about 
a condition of stasis of which thc animal died. The secondary 
alterations were acute and widespread, and were hypcremia 
of the lungs, vesicular and intralobular cmphysema of the lungs, 
and hypertrophy of both sides of the heart. 

In emphysema of thc lungs in man, deterniinations by Gep- 
pert and by Speck* havc shown that the respiratory exchange 
of gases was enlirely withrn normal limits. 

It is evident from thcsc various citations that the general 
oxidation of the body is normally maintained in anemia and in 
pulmonary disease, provided the disturbances are not of ex- 
treme intensity. 

The constantly increasing use of mountain air as a recuper- 

' Lewenslein: "PflUger's Archiv," 1897. Bd. liv, p. 278. 
' Kohler: "Archiv für eitper. Palh. u. Pharm," 1877, Bd. vii, p. i. 
Ci[ed by Jaquet: "Eigebmise der Physiologie," 1903, Bd. Ü, I, p. 563, 
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ative forcc for thc womout individual leads to the inquiry 
whether the mctabolism at high altitudes is difFerent from that 
at the sea level. For knowledge of this sort we are principally 
indebted to Zuntz and his pupils. The study of the subject 
may be taken up by using three different methods: First, the 
pneumatic cabinet; second, balloon ascensions; third, mountain 
asccnts. 

The relative composition of the atmosphere is the same at 
all distanccs from the earth's surface. Durig and Zuntz^ find 
that the atmosphere at a height of 2900 meters contains carbon 
dioxid 0.03 per cent., nitrogen 79.11 per cent., and oxygen 20.86 
per Cent.; whereas, at an altitude of 4600 meters it contains 
carbon dioxid 0.03 per cent., nitrogen 79.10 per cent., oxygen 
20.87 j)cr cent. These are values identical with each other and 
with those dctcrmined at sea-level. 

The pressure of the atmosphere varies with the height from 
the sea-level as appears in the foUowing table: 





Altitupe. 




Baiometki 


METFtS. 


Fef.t. 


MiLKS. 


IN Mm. Ho. 








0. 


760 


1000 


3.2^1 


0.6 


670 


2000 


6.562 


1.2 


5Q2 


3000 


9.^43 


I.Q 


522 


4000 


13.124 


2.5 


460 


5000 


16,405 


31 


406 


6000 


10,686 


3-7 


3S8 


7CCO 


32,()67 


4.4 


316 


8coo 


26,248 


50 


»97 



Fracnkel and Geppert'placed a dog, which hadfasted seven 
days, under the influence of greatly diminished atmospheric 
pressure and found an increased proteid metabolism which 
continued on the second and third days. They also suspected 
the prcsence of incomplete products of combustion in the urine. 
These rcsults accord with Araki's investigations. 

Von Terray' finds no change in the respiratory activity of 

* Durig and Zuntz: "Archiv für Physiologie," 1904, Suppl., p. 421. 

'Fracnkel and Geppert: "Ueber die Wirkungen der verdünnten Luft," 
1883. 

' Von Terray: "Pflüger's Archiv," 1896, Bd. Ixv, p. 440. 
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;s in air containing between 87 and 10.5 per ccnt. of oxygen. 
Wheti 10,5 per cent. of oxygen is present an increascd respira- 
tory activity commences. With 5.25 per cent. of oxygen there 
is every indication of lack of oxygen for the tissues, and the 
elimination of lactic acid in the urine is pronounced. The quan- 
lity of lactic acid eliminated was greatest after the respiration of 
an almosphere containing 3 per cent, of oxygen. The quantilies 
obtained werc i,3o6, 1.860, 2.176, 2.300, 2.352, 2.663, 3-°^°> ^"^ 
3.686 grams of lactic acid in twenty-four hours. In these cases 
we again see the analogy of the metabolism to that already 
dted as having been discovered by Araki after bloodletting in 
labbits. 

L. Zuntz' found that when he respired in a pneumatic cab- 
inet, at an atmospheric pressure of 448 mm. of mercury, that 
there was no change in his respiratory metabolism as compared 
with the normal. The rcsvilts may be tabulated as follows: 



t 



iK An. PizssuiE IH Mh, Ha. O, c.c. CO] im c.c. 

13 448 mm. 338.7 313,1 

This latter cxperiment was done at a pressure corresponding 
lo a mountain height of 4500 metcrs. He also showed that 
variations in atmospheric pressure within the above limits had 
no effect on the metabolism during muscular excrcise. 

Von Schrötter and Zuntz' made two balloon ascents to 
heights of 4560 and 5160 metcrs. Zuntz showed an increased 
oxygen absorption of 7 per cent. above that at sea-level. In 
the case of Von Schröltcr the increase was slight, except during 
one interval of shivering when a 20 per cent. increase was re- 
corded. The authors attribuled the slight rise in the metab- 
olism to the increased work done by the respiratory muscles. 
During the higher ascent sugar appeared in the urine of Zuntz, 
indicating incomplete oxidation. 

' Locwi and Zunlz; "PQüger's Archiv," 1897, Bd. livi, p. 477. 
' Von Scbrotlet and Zuntz: Ibid., 1903, Bd. xcii, p. 479. 
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A research of Zuntz* on the subject of mountaineering 
describes how he and Durig ascended to the Col d'Olen (2900 
meters), and, having remained there for a week, passed upward 
to a hut (4560 meters) constructed near the summit of Monte 
Rosa, the highest mountain of the Alps after Mont Blanc. 
They lived in this hut two weeks and a half. The hcight of the 
barometer was 443 millimeters, which indicates a quantity of 
oxygen amoimting to 12.2 per cent. of an atmosphere. On 
the Col d'Olen there was no increase in their metaboUsm when 
they were resting, and there was no increase in the requirement 
of cnergy necessarj' to accomplish one kilogrammeter of w^ork. 
This agrees with the results of Bürgi elsewhere mentioned 
(p. 175). At the higher level, near the summit of the mountain, 
the resting metabolism increased at once and permanently to 
the cxtent of 15 per cent. Zuntz during a former sojoum had 
noled an increase of 44 per cent. in his metabolism w^hen on the 
mountain. Exposure to the sunlight was almost without efTect 
on the metabohsm. The increased metabolism was not due to 
cold, for it was present whcn the indiWdual was in a warm bed 
in the hut. At sea-lcvcl the energy equivalent of three kilo- 
grammcters is liberatcd in the body in order to lift one kilogram 
of body substance one meter high. Here on the snow-ficlds of 
Monte Rosa Durig required the equi\-alent of 4.0 to 4.8, Zuntz 
5.3 to 6.8 kilogrammeters of energy to accomplish one kilogram- 
meter of work. This agrees with a former experiment of Zuntz 
when he was living in the samc locality, in which he found that 
the increased metabolism necessary to eflect one kilogrammeter 
of work in climbing to be 70 per cent. above the requirement 
for the same work at sca-level. 

That L. Zuntz (see p. 217) found no increase in his metab- 
olism, either during rest or work, when he was in a pneumatic 
cabinet undcr an atmospheric pressure of 448 mm., is explained 
by Durig and Zuntz as due to the short length of the experiment. 

Not only is the metabolism necessary to accomplish work 
greatcr on high mountains than at sea-level, but the capacity 

* Durig and Zuntz: "Archiv für Physiologie," 1904, SuppL, p. 417. 
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for work is greatly reduced. Schumburg * found that he could 
accomplish a maximum of 999 kilogrammeters of work in onc 
minute in Berlin, 619 when on the Monte Rosa glacier, and only 
354 kilogrammeters when he was on the top of the mountain. 
The limit of work on Monte Rosa was therefore one-third what 
could be accomplished in Berlin. 

Durig and Zuntz, Mosso, and others, have found their res- 
piration to be distinctly of the Cheyne-Stokes character after a 
retum to the hut subsequent to exercise in the higher Alps. 
They found that when they were on Monte Rosa a temporarj' 
oppression resulted if their respiration was partly hindered, — as 
in the case of lacing their boots. Also, strict attention to a 
definite task might reduce the respiratory activity to such an 
extent that anemia of the brain, accompanied by dizziness, 
readily ensued. 

Workman' reports that normal sleep was impossible when 
Camping in the Himalayas at a height of 19,358 feet (nearly 
6000 meters). When the individuals of the party dozed they 
were awakened gasping for breath. Air at this height con- 
tains IG per cent. of oxygen. 

The Ventilation of the lungs of Durig and Zuntz while at 
rest at difFerent altitudes varied as follows: 

Respired in Liters per Minute. 

Zuntz. Durig. 

Reduced to 760 Mm. Reduced to 760 Mai. 
Actüal. Ho. and o** C. Hg. and o® C 

Sea-lcvel 4.61-5.03 4.15-4.53 S'OO-s.6^ 

Col d'01cn...5.Q7-6.36 3.99-4.16 3.81-5.07 

Monte Rosa.. 6.86-8.5 2 3.71-4.88 4.05-4.60 

The actual amount of inspired air appears to be about the 
same at difFerent altitudes, an increased volume compensating 
for increasing rarefication of the atmospherc. 

The atmosphere in which one lives is really the air within 
the alveoH (Pflüger). Durig and Zuntz have calculatcd the pres- 
sure of oxygen and carbon dioxid within their alveoli at different 

* Zuntz and Schumburg: "Pflüger's Archiv," 1896, Bd. Ixiii, p. 488. 

'Workman: "Bulletin of the American Geographica! Society," 1905, vol. 
xxxvii, p. 671. 
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levcls, and, measured in terms of millimeters of mercury, have 
found them to be as follows: 

PtxssutES DI Mm. Hg. 

ZuNTz (or Behlin). Duuo (or VncmiA). 

Os COs Os COs 

At home — rest 107 36 109 32 

At homc — ascending walk 109 33 99 37 

On Monte Rosa — rest 57 21 53 24 

On Monte Rosa — horizontal walk ... 60 17 55 21 

On Monte Rosa — ascending walk ... 63 x8 55 24 

It is evident from a study of the results that muscular exer- 
eise in all these localities produces an increase in the alveolar 
tension of oxgyen and a decrease in that of carbon dioxid. 
This is brought about by the Stimulation of respiration. 

It will be interesting to examine the evidence of the efFect 
of decreasing oxygen tension on the capacity of the blood in the 
lungs to absorb oxygen. The usually accepted doctrine that 
atmosphcric air, shaken with blood, will practically saturate 
the hemoglobin present, rests upon Hüfner's experiments with 
carefully prepared Solutions of hemoglobin. Loewi and Zuntz,* 
however, show that if normal blood be used the Saturation is 
89 per ccnt. at the most. On the basis of this newer work. 
Durig and Zuntz ' have calculated the Saturation of the hemo- 
globin within the blood at the diflerent altitudes. At Berlin, 
oxygen exerting alveolar pressures of 113 and 103 mm. would 
saturate the blood in the lungs to the extent of 81.9 and 80.5 per 
Cent., rcspectively. On Monte Rosa alveolar oxygen at pres- 
sures of 57.0 mm. (Zuntz) and 53.2 mm. (Durig) would respec- 
tively cause a Saturation to the extent of 69.5 and 68 per cent. 
The lowest recorded oxygen pressure in the alveoli was 48.3 
mm. (Durig), which corresp)onded to 65.9 per cent. of oxyhemo- 
globin, and was accompanied by severe headache. A quick- 
ened heart-beat produced a more rapid circulation than normal. 
The experimenters find no ground for believing that there was 
at any timc any real oxygen deficiency in any of the important 
tissues of the body. They consider that their gradual ascent 

* Loewi and Zuntz: "Archiv für Physiologie," 1904, p. 207. 
' Durig and Zuntz: Ijk. cU,, p. 442. 
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from sea-level prevcntcd the usual disturbanccs of appetitc and 
digestion which arc probably caused by anemia in the abdom- 
inal region (mountain sickncss). 

After exercisc, howcver, Zuntz and Durig notcd qualitative 
changes in the mctabolism indicating incomplete combustion. 
This was sho^^Ti in the reduction of the respirator}' quolicnt 
bclow that of fat. The authors say; ' "The experiments leave 
no doubt that the increascd deficiency of oxygen supply, induced 
by the grcatcr mctabolism of the tissue during exercisc, is asso- 
ciatcd with ihc cause of the increased rcquircment of encrgy." 

There is no refcrence to the presence of either sugar or lactic 
acid in the urine after exercisc on Monte Rosa, substances 
whose presence one might suspect, Locwi' reports an in- 
creascd excretion of amino acids during mountain sickness 
or during excrcise at thcse high ahitudes, 

It is apparent that life at an altitude of 4600 meters is on the 
borderiand betwccn the normal and the dyspneic. Less work. 
can be accomplished, and this at Ihe cxpense of a grcater mctab- 
olism, becausc of the Inhibition of the muscie mechanism 
through the accumulation of imperfectly bumed producls of 
mctabolism. 

Higher mountain ascents have becn accomplished than the 
one hcre describcd. The cclebratcd mountaineer, Whymper, 
has ascendcd Chimborazo (Ö247 meters) wilhout suffering 
from mountain sickncss. Tolcrance for highest altitudes de- 
pends on individual idios)Ticrasy, which has bcen variously 
attributed to diffcrcnces in the capacity of liemoglobin to absorb 
oxygen, to diffcrences of diffusion power in the alveolar mem- 
branc, and to susccplibility to cosmic influences, such as electric 
and magnetic phenomcna. 

The discovery of Viault' that at an altitude of 4000 meters 
the number of red blood-ccUs increased lo 7,000,000 and 
8,000,000 per cubic mm. of blood appeared at ürst to indicate 

'Autorenrercral: " Biochemisches Centralblatt." 1904, Bd. iü, p. 28^. 

■Loewi: "Archiv für Physiologie," 1906, p. 38Ö. 

■Viaull: "Comptesrcndusde l'academie des Sciences," 1S90, T. cxi, p-gi?. 
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a compcnsatory increase in oxygen-combining power during 
life in rarefied air. However, Abderhalden^ has shown that 
this phenomenon is due to an cxpression of blood fluid from the 
circulatory system and a consequent thickening of the blood, 
for he finds no change in the total quantity of hemoglobin in 
animals of the same species when they are killed at difiFerent 
heights. Only aftcr prolonged residcnce at a high altitude may 
any increase in the quantity of hemoglobin be possible.* Such 
an increase has been positivcly showTi by Zuntz and his co- 
workers.* 

The results of these varied experiments confirm the inde- 
pendence of the metabolism of variations in atmospheric pres- 
sure as regards all the customary habitats of mankind. The 
beneficial propertics of mountain air may be largely the same 
as those dcrived at watering-places, i. f., outdoor life, cool air, 
excrcise, diversion through change of scene, mental rest, and, 
finally, mental Suggestion of .bencfits received. The dry, 
crisj) air undoubtedly benefits catarrhal disturbances, which are, 
on the othcr hand, aggravatcd by the climate of the seashore. 

In the search for conditions which might reduce the intensity 
of metabolism, the influcnce of the internal secretions of the 
sexual glands has been prominently considered. Careful 
experiments of Lüthje,* however, show that castration in dogs 
of both sexcs has no influence on the metabolism. It is said, 
however, that rcmoval of the ovaries reduces for a time the 
number of red blood-corpuscles and it is suggested that ovarian 
insufficiency may be the cause of chlorosis.* 

The thyroid gland is a gland whose internal secretion 
profoundly affccts the amount of general metabolism. This 
influcnce is apparently brought about by a substance called 

' Abderhalden: "Zeitschrift für Biologie," 1902, Bd. xlüi, p. 443. 

' Abderhalden : " Pflüger's Archiv," 1905, Bd. ex, p. 98. 

'Zuntz, Loewi, Müller, and Caspari: "Höhenklima und Bergwanderungen 
in ihrer Wirkung auf den Menschen," Berlin, 1906. 

* Lüthje: "Archiv für ex. Path. und Pharm., 1902, Bd. xlviii, p. 184. 

* Breuer and v. Seiller: " Arch. f. ex. Path. und Pharm.," 1903, Bd. 1, p. 169. 
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thyroidin which, when produced in normal quantities, main- 
tains Ihe proper functions of the nervous sysicm. A subnormal 
produclion reduces the activily of the nervous syslem and inci- 
dentally the quantity of metaboUsm. An over-production 
increascs the irritability of the nervous apparatus and raises 
the metabolism. Myxedema is a condition in which the thy- 
roid gtand has atrophied and ils secretion is no longer available. 
Exophthalmic goiter prcsents the opposite phase, sincc here a 
superabundance of thyroidin is believed to bc produced. Symp- 
toms somewhat akin lo the latter condition may be induced by 
ingesting thyroid cxlracts in normal antmals and man. 

Magnus-Levy' found the carbon dioxid Output increased 
after giving a normal man thyroid c.xtracls. Fritz Voit' finds 
the same to be true of a dog, and also that morc protcid is mctab- 
olized. It is this lattcr action which contraindicatcs thyroid 
feeding in obcsily. Howevcr, Rheinboldt' states that a man 
fed wilh thyroid extracts may be maintained in nitrogen equi- 
librium if much proleid be allowed in the diet, 

Anderson and Bu-rgman ' have gi\'cn large quantities of thy- 
roid exiract to a man who was kept in pcrfcct quiet, and no 
increased output of carbonic acid was noticed. They attribute 
the increased metabolism which is usually observcd to ihe 
increased muscle tonus caused by the highly irritaled central 
nervous System, A high metabolism is observed in cases of 
exophthalmic goiter. Friedrich Müller,^ reports a case of an 
individual wcighing only 29 kilograras who constantly lost 
weight notwith Standing a daily dict containing 6S grams of 
Proteid with 58 calories per kilogram. Under such circum- 
stances ihere is undoubtedly an abnormally high destruction of 
both Proteid and fat. The increased proteid destruction has 

1«n attributed to toxic influcnce of the thyroid secretion. 
3.6. 
: 



' Magnus-Levy: "Brrliner klinische Wochcnscbrifl," iSgj, Bil. ixx, p. 650. 
'VcMt, F.; "ZcitKhrift für Biologie," 1897, Bd.ixxv, p. 116. 
•Rheinboldt: '■ZciischrUi für klin. Med.," 1906, Bd. Ivüi, p. ^15. 
'Anderson snd ficrgman: "Skan. Archiv fOr Physiologie," 1S9S, Bd. viii, 
^3.6. 

•Müller: "Deulsrhi's Anhiv für klin. Medizin.," Bd. li, p. 361. 
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It may however be caused by an overheating of the musclc cells 
due to grcat heat production. 

In myxedema the metabolism is reduced and there is a fall in 
body temperature. Anderson* reports a case of a woman whose 
metabolism was as low as 1260 calories or 18.8 per kilogram: 
after treatment for nine months with thyroid extracts the heat 
production rose to 2099 calories, or 32.3 per kilogram. These 
latter are normal values. The temperature rose with the in- 
crease in metabolism. 

Clonic convulsions are a symptom foUowing thyroidectomy, 
and during thesc periods the temperature rises. The convul- 
sions are central in their origin, for in the monkey they dis- 
app)ear on sectioning the nerves. 

It is possible to explain the reduced temperature as due to 
disturbances in the nerve mechanism of temperature regulation. 
The diminished temperature of the body would then be an 
influence in rcducing the metabolism of the cells. This disease 
is a rare examplc of a condition in which the metabolic processcs 
are permanently depressed. 

' Anderson: "Die physiol. Abtheil, eines klin. Aufsatzes in Hygiea/' Stock- 
holm, 1898 (quoted in Tigerstedt's "Lehrbuch der Physiologie"). 



CHAPTER XII. 

HETABOLISn IN DIABETES AND IN FHOSPHORUS- 

POISONING. 

It is Said that the sweet taste of diabetic urine was familiär to 
Susruta, a physician who lived in India during the seventh Cen- 
tury. The disease, then as now, may have been more prevalent 
among the Hindoos than elsewhere in the world. In Europe 
the sweet taste of diabetic urine was discovered by Thomas 
Willis in 1674, but it was not until another hundred years that 
Dobson, in 1775, showed that the taste was due to the presence 
of sugar. Subsequently a hyperglycemia was established. 

Claude Bemard found that the Stimulation by puncture of 
a group of cells (the "diabetic center") lying in the meduUa near 
the floor of the fourth ventricle, gave rise to an excretion of 
sugar in the urine. This experiment is the source of the false 
impression that diabetes is essentially of nervous origin. It is 
called la piqüre. 

Diabetes is a disease of particular interest since it is a depart- 
ure from the physiological condition involving the capacity of 
the organism to care for sugar in the normal fashion. All the 
s)miptoms are due to this one fact. No disease has been more 
thoroughly investigated. In presenting the dctails to the reader, 
it may be remarked that the work done is prophetic of possible 
accomplishment along scientific lines in the study of disease. 
It is typical of that "scientific medicine" which affrights the 
devoted spirits of a passing empiricism. 

The foundation of modern knowledge on this subject was 
aid by von Mering and Minkowski * and by Minkowski' alone, 

* Von Mering and Minkowski: "Archiv für ex. Path. und Pharm./' 1889, 
Bd. zzvi, p. 371. 

' Minkowski: Ihid,, 1893, Bd. xzxi, p. 85. 

15 225 
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who cxtiq^ated thc pancrcas in dogs and dcmonstrated that 
such animals became diabetic. 

The causcs of ihe appearance of sugar in the urine are: 
(i) Eilher the organism cannot bum sugar, which therefore 
accumulalcs in ihe blood in excess of the normal, and is filtered 
through the kidney (diabetes mellitus, experimental pancreas 
diabeles); or (2) some tissues may lose their sugar-retaining 
function so that the normal regulatory control of the quantity 
of blood sugar is lost or diminished. (Bemard's piqüre, ali- 
mcntary glycosuria, phlorhizin glycosuria). 

The Stimulation of Bernard's ** diabetic center" is only 
elTcctive in its results when the livercontainsglycogen.* This 
form of glycosuria cannot be obtained in a starving animal. It 
is attributed to a sudden flushing of the liver with blood and a 
conversion of glycogen into sugar, so that hj'perglycemia and 
sugar elimination through the kidney foUow. 

It is reported that the sight of a cat by a dog confined in a 
cagc may result in thc appearance of dextrose in the dog's urine. 
Assure<lly it may herc \)c surmised that great muscular activity 
on thc j)art of thc dog has throvvn sugar into the blood in exces- 
sive amounts. A glycogcn-free dog would scarcely bc so aflfected. 

Alimcnlary glycosuria is secn in normal animals and in man, 
when sugar is given in larger quantities than the glycogen regu- 
latory function can care for. Moritz' finds two grams of 
dextrose in the urine of a man after the ingestion of 200 grams. 
Such an alimcntary glycosuria lasts between three and six hours. 

Hofmeister' has discovcrcd that the fasting organism is more 
susceptiblc to alimcntary glycosuria than the well-fed one. 
He calls such a condition **starvation diabetes." Evidently an 
organism whosc glycogenic function has not been used is less 
capablc of j)rotccting itsclf from an excess of dextrose than it is 
during normal nutrition. 

^ Dock: "PHügcr's Archiv," 1872, Bd. v, p. 571. 

-Moritz: "Verhandlungen des 10 Congresses für innere Medizin," 1891, 
p. 492. 

' Hofmeister: "Archiv für ex. Palh. und Pharm.," 1890, Bd. xxvi, p. 355. 
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Moritz' observed 0.2 to 0.3 per cent. of sugar in the urinc of 
four out of six healthy people who had partaken of a quantity 
of sweels and Champagne. 

Evidentty such conditions as thcse arc nol lo be classed wilh 
diabctcs mellitus, where there is a fundamental disturbance in 
thc sugar-burning power in thc organism. It would be of Ser- 
vice to distinguish between glycosurias where the sugar-holäing 
capacity of the organs has been diminished or nverstraincd, and 
diabeles in which the sugar-burning capacity has been affected. 

A special type of glycosuria is causcd by phlorhizin injcc- 
tions, as was discovered by von Mering.' Here the blood ii- 
seif while passing through thc kidney loses the power of retaining 
its normal sugar content and a hypoglycemia results, Some- 
times wheti the kidney is altcred in Bright's diseasc, phlor- 
hizin is ineffective and no glycosuria follows its administration. 
The renal character of phlorhizin glycosuria was demonstrated 
by Zuntz' who placed cannula; in the upper portions of the two 
kidneys and injected phlorhizin into thc renal artery of onc. 
On the injected side, sugar-containing urine appearcd in two 
minutcs, and three minutes later the kidney on the opposite 
side yielded sugar through its urcter. The delay was due lo the 
lapse of time nccessary for thc transportation of Ihe phlorhizin 
by the blood stream from thc injected kidney to ihe olhcr onc. 
In this form of glycosuria sugar ingeslcd per os, or subcutanc- 
ously, or as formed in proteid metabolism, is all climinated in 
the urine, provided the quantity givcn does nol flood the organ- 
ism with sugar.* In this latter casc part of il can be bumed. 

Loewi' has conccived the idea that the blood sugar is nor- 
mally in a loose combination with coUoid. This colloid sugar 
cannot pass through the glomerulus. If, howcver, sugar 
accumulates in the blood above the combining power of the 



Moriti: "Archiv für kliniache Median," i8qo, Bd. ilvi, p. 117. 

Von Mering: "Verhandlungen des 5 Congresscs für innere Medial 
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iSSd, p. 1S5. 

'Zunu: "Archiv für Physiologie," 
■Stiles and Luslt; "American Jon 
'Locwi: "Archiv für tx. Palh. ur 



■895. P. 570. 

nai of Physiology," 1903, vol. 1 
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coUoid, then the crystalloid dextrose readily passes through the 
kidney. This condition exists in diabetes mellitus. In 
phlorhizin glycosuria the kidneys break up the coUoid sugar, 
and the sugar may then be eliminated. Stiles and Lusk, while 
accepting Loewi's theory, have added the hypothesis that the 
coUoid sugar cannot be bumed. Phlorhizin acting in the kid- 
ney will split the Compound and permit the elimination of sugar. 
Any free dextrose in the general circulation unites with the 
coUoid radical and is protected from combustion, as is the case 
when five grams of dextrose are administered subcutaneously 
only to reappear in the urine (Stiles and Lusk). If the quantity 
of sugar in the blood rises above this combining power, immunity 
from destruction is lost and the sugar bums. Phlorhizin 
glycosuria is only temporary in character, and subcutaneous 
injections of alkaline Solutions of the drug three or four times 
daily are necessary in order to obtain constant results. 

The character of phlorhizin glycosuria has been dwelt upon 
because the total metabolism is here identical with that observed 
in diabetes mellitus. It has long been known that diabetics elimi- 
nate sugar even after all administration of sugar is stopped. 
It has also been generally recognized that proteid ingestion tends 
to increase the sugar Output in the urine, while fat has no eflFect. 

A large amount of information has been coUected conceming 
the relation between the urinary nitrogen and sugar elimination 
in the fasting and meat-fed diabetic organism. The dextrose 
to nitrogen ratio (D : N) is a key to the problem of the quantity 
of sugar which can be derived from proteid metabolism (p. 112). 

Minkowski* was the pioneer who discovered that depan- 
creatizcd dogs, whether fasting or fed with meat, showed a con- 
stant elimination of 2.8 grams of dextrose for each gram of ni- 
trogen in the urine. This ratio (D : N :: 2.8 : i) was the average 
obtained from seven dogs on twenty-two diflFerent days. The 
lowest ratio was 2.62 : i, the highest 3.05 : i. Some other 
Operators have been unable to obtain these ratios. Pflüger' 

* Minkowski : " Archiv für ex. Path. und Pharm.," 1893, Bd. zzzi, pp. 8$, 97. 
'Pflüger: "Das Glycogen," 1905, p. 491. 
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finds a variable and generally lower ratio, and his dogs all died 
of abscesses. Embden's* ratiosareall lower than Minkowski's, 
and are probably due to incomplete extirpation of the pancreas. 
The accuracy of Minkowski's results is indicated by the fact 
that the ratio (D : N : : 2.8 : i) may be easily established by the 
administration of phlorhizin to rabbits, goats, cats, and in cer- 
tain dogs whose kidneys have been somewhat afifected, as, for 
example, by giving camphor. Phlorhizin acts first to cause a 
sweeping out of the excess of sugar in the organism, with a sub- 
sequent establishment of the ratio. (See table, p. 235.) The 
ratios in dififerent animals are given in the foUowing table : 



RATIOS IN DIABETES OF D : N : : 2.8 : i. 





Doo.» 


Doo.» 


Cat.« 


GOAT .» 


Rabbit .* 


Day. 


Pancreas 
Diabetes. 


Phlorhizin 

AND 

Camphor. 


Phlorhizin. 


X 

s 


• 

X 

M 

s 

s 


Second day of Diabetes 

Third " " 

Fourth " " 

Fifth " " 

Day unknown 


288 
2.94 

309 


• • 

• • 

2.8 


2-93 
2.80 

2.93 

• • 


2.95 
2.90 

2.78 

• ■ 


2.89 

2.69 

• • 



The uniformity of the ratio as shown in different animals is 
very striking. One may calculate from thesc results that 45 
per cent. of the proteid molecule may be convertcd into dex- 
trose in the course of metaboUsm. 

This, however, does not complete the story of the D : N 
ratio, for a higher ratio or 3.75 : i was discovered by Reilly, 

' Embden and Salomon: *' Hof meister's Beiträge," 1904, Bd. vi, p. 63. 
'Minkowski: Loc. et/., p. 97. 

* Jackson: "American Journal of Physiology," 1902, vol. viii, p. xxxii. 

* Arteaga: Ihid.^ 1901, vol. vi. p. 175. 

* Lusk: "Zeitschrift für Biologie," 1901, Bd. xlii, p. 43. 

•Reilly, Nolan, and Lusk: "American Journal of Physiolog)-," 1895, vol. i, 
p. 396. 
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Nolan, and Lusk^ in thc urine of dogs with normal kidneys 
after subcutaneous injections of phlorhizin. This ratio was 
subsequently rcviscd by Stiles and Lusk' and found to bc 
3.65 : 1. The importance of this discovery was enhanced by 
the finding of Mandel and Lusk' that the same ratio may cxist 
in human diabctes whcn thc patient is given a diet of meat 
and fat. These ratios are thus comparable: 



HNIZED DOG.* 


DiABETLS MeLLITIS IM MAN> 


3.60 


3.60 


365 


3'^S 


3.66 


3.66 


3.62 





In anothcr place (p. 112) it has bcen shown that the D : N 
ratio docs not vary after the ingestion of sufficient meat to double 
the quantity of nilrogcn in the urine; the sugar also doubles. 
The sugar production is therefore proportional to the proteid 
metabolism, and, apparently, must be derived from proteid. 

Various objcctions have been raised to this Statement. 
Other cxperiments, however, confirm the above proposition. 

Lüthje* gave nutrose to a depancreatized dog. Nutrose 
contains cascin but no sugar. The dog weighed 5.8 kilograms 
and climinated 11 76 grams of glucose during twenty-fivc days. 
The tissucs of thc dog could not possibly have contained over 
232 grams of glycogcn at the bcginning of the experiment. The 
source of the sugar could not have been the animal's störe of 
glycogcn, but must have arisen from either proteid or fat. 

Pflüger ^ would have it that fat metabolism is the principal 
source of sugar in diabctes. 

It has alrcady bccn shown that proteid breaks up into amino 
acids in the intestincs, and that such amino acids when ingested 

^ Rcilly, Nolan, and Lusk: Loc. cit. 

' Stiles and Lusk: "American Journal of Physiolog)'," 1903, vol. x, p. 67. 

'Mandel and Lusk: "Deutsches Archiv für klin. Medizin/' 1904, Bd. 
Ixxxi, p. 470. 

* Loc, cit., p. 77. (Details, this book, p. 64.) 

* Loc. cit., p. 479. 

* Lüthje: "Pflüger's Archiv," 1904, Bd. cvi, p. 160. 
' Pflüger: Ibid., 1905, Bd. cviii, p. 115. 
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are the equivaient in metabolism of proteid itself (p. 
Are such amino acids convertible into dexlrose ? 

Knopf has shown thal asparagin gi\'en to a diabetic dog 
yiclds at Icast 1,3 grams of dcxtrose for cach gram of its nilrogen 
metabolized, Stiles and Lusk' find that a pancrcatic digesl of 
meat, consisting of amino acids, whcn givcn to a phlorhizinizcd 
dog, yiclds 2.4 grams of dcxtrose for each gram of nitrogen. 
Embdcn and Salomon' find that glycocoll, alanin and asparagin 
increase the dcxtrose Output in a diabetic dog. 

Halscy* believcs that the Icucin complex but not Icucin itself 
will increase the sugar in ihe urine of a diabetic dog. 

Pflüger' cxplains that ihe amino acids slimulatc the fat 
metabolism in the liver in such a manner as to insure a produc- 
tion of dextrose from fat, This can hardly be corrcct for it 
would be a most remarkable arrangemcnt if aminn bodies' car- 
ried to the Uvcr of a starving cal under the influence of phlor- 
hizin, and the same quantity carried to the same locality in a 
dog with pancreas diabctcs, should in both cases stimulate 
exactly the same sugar produclion from fat. 

A simpler and probably truer conception lies in the theory 
of a denitrogenizalion of Ihe amino acids by hydrolysis wilhin 
the organism and the subsequent synthesis of the oxy-acids 
into sugar by the liver. 

A substance like glycocoll might thus be converted into gly- 
collic acid, and Ihis reduced to glycolaldchyde, a body whose 
subcutaneous injcction leads to an output of sugar in rabbit's 
urine.* Alanin in like fashion would become lactic acid, and 
this in turn dcxtrose (p. 292). 

Von Noorden'suggcsis that Icucin may split into acctonc 



I 



1. Pilh. 



Pharm.," 1903, B 
in Journal of Physiolngy,' 
Hofmeister's Beitittgc." 



1903, vol. i 



p. 3S0. 



' Knopf; "Archiv füre: 
' Stiles and Lusk: "Amcrit 
' Embden and Salomon: 
1904, Bd. vi, p. 63. 

•Halsey: "American Journal of Physiology," ;9e4, vol. x, p. 233, 
'Pflüger: Lac. dt., p. 187. 

'Mayer: "Zeitschrifl für physiologiachc Chemie," 11)03, Bd. ixxviü, p. 151. 
'Von Noordcn: "Journal of [he American Medkal Association," Oclober 
I fl«, 1905. 
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and lactic acid, the latter being converted into dextrose. These 
reactions might be as foUows: 

1. CH,NH,COOH + H,0 - CH,OH COOK + NH, 

GlycocoU. Glycdlic add. 

3 CHjOHCOH - C^bO, 
Glycolftklchyde. Dextroae. 

2. CH,CHNH,COOH + H,0 - CH.CHOHCOOH +NH, 

Alanin. Lactic add. 

2 CH.CHOHCOOH - C,H„0, 

Lactic acid. Dcxtrcae. 

Leudn. Acetone. 

CHjCHOHCOOH + NH, 
Lactic add. 

In confirmation of the hypothesis that lactic acid is con- 
vertible into dextrose, it has been foiind that the ingestion of 
lactic acid in diabctes does increase the quantity of sugar in 
the urine.* Mandel and Lusk' have shown that d-lactic acid, 
which is the normal lactic acid of the body, may be completely 
converted into dextrose by the diabetic organism. It has also 
been found by Embden' that if normal blood be perfused 
through a glycogen-free liver, the sugar content of the blood in- 
creases. After varying the procedure he concludes that the 
normal blood contains substances which are convertible into 
sugar by the liver. Such substances may be lactic add, gly- 
colaldehyde, etc. It is therefore probable that the course of 
the intermediär)' metaboUsm involving sugar production is as 
has been outlined above. 

Giving fat with meat to a diabetic will not ordinarily in- 
crease the sugar in the urine. The writer has never observed 
such an increase in any of the work of his laboratory. A large 
production of sugar from fat has been elsewhere reported* and 

* Embdcn and Saloraon: " Hof meislcr*s Beiträge," 1904, Bd. vi, p. 63; 
A. R. Mandel, "American Journal of Physiology," 1905, vol. ziii, p. xvi. 

* Mandel and Lusk: ''American Journal of Physiology," 1906, vol. xvi, p. 
129. 

' Embden: " Hof meister*s Beiträge," 1904, Bd. vi, p. 44. 

* Hartogh and Schumm: "Archiv für ex. Path. und Pharm.," 1900, Bd. 

Xlv, p. II. 
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Cremer* finds that glycerin given alone will increase the Output 
of sugar in the urine. 

On giving meat in diabetes the fat metabolism is reduced 
as it would be in the normal organism, and yet there is no 
eflfect on the D : N ratio, and therefore the latter cannot be 
influenced by the quantity of fat bumed. This is shown in a 
respiration experiment madc by Mandel and Lusk' on a dog 
with phlorhizin glycosuria whose metabolism starving and after 
meat ingestion was as follows: 

Calokies Caloeies Calosiss, 

D : N. moM Pkoteid. fbom Fat. Total. 

Fasting 3.69 80.2 274.4 354-6 

300 grams meat..3.55 161.9 261.7 A^Z-^ 

The proteid metabolism doubled when meat was ingested, 
the fat metabolism feil, but the D : N ratio remained constant. 

If a production of dextrose from fat metabolism be possible, 
it must be due to a qtuüüative alteration in the metabolism in 
rare and special cases. A high authority, von Noorden,' writes: 
"In all probabüüy we may even now make the Statement that 
there are a few cases of diabetes in which more sugar is ex- 
creted than can be accounted for by the amount of carbohydrate 
available, and the maximum quantity of proteid that could 
have been disintegrated, and that in these cases fat must be 
looked upon as the source of the excess." 

A question of special interest is the cause of the two D : N 
ratios, 2.8 : i and 3.65 : i. The former represents a production 
of 45 per cent., the latter one of 58 per cent. of sugar from meat 
proteid. In neither case can dextrose ingested be bumed. 
It is, of course, possible that the sugar production varies under 
different circumstances; that is to say, the organism (liver ?) may 
be able at times to produce sugar from a certain class of pro- 
teid decomposition products, and at other times not. Or, one 
may adopt the hypothesis of Mandel and Lusk,* which assumes 

* Cremer: * 'Münchener med. Wochenschrift," 1902, Bd. xxii, p. 944. 

' Mandel and Lusk: "American Journal of Physiology,'* 1903, vol. x, p. 54. 
' Von Noorden: "Diabetes," Herter Lectures, 1Q05, p. 80. 

* Mandel and Lusk: "Deutsches Archiv für klinische Medizin," 1904, Bd. 
Ixxxi, p. 491. 
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a difference bctwecn a-coUoid dextrose and /?-colloid dextrose 
existing in the blood. By a-dcxtrose is iinderstood thc amount 
of dextrose represcnted by the ratio D : N : : 2.8 : i, or 45 per 
Cent, of the proteid. The /?-dextrose represcnts the additional 
13.6 per Cent, of the proteid, when the ratio 3.65 : i is present. 
The ratio would depend on the combustion or non-combustion 
of the ,?-dextrose. If the latter bums, it must do so as a com- 
plex, for as free dextrose it would be eliminated in the urine. 

This theory of a difference in chemical union would explain 
the fact discovcred by Straub* for carbon monoxid "diabetes" 
and by Seclig' for glycosuria foUowing ether inhalation, that 
sugar appears in the urine in large quantity if a dog be fed 
with meat, but disappears if the animal be given carbohydrate 
alone. Seelig found no glycosuria when an intravenous In- 
fusion of oxygen was administered at the same time that ether 
was given. It may be that lack of oxygen causes a dissociation 
of eithcr «- or ,9-colloid dextrose derived from proteid, which 
dextrose then appears in the urine. This Suggestion is, how- 
ever, highly speculative. 

One of thc very pronounced characteristics of thc diabetic 
is his constant emaciation. There is always a larger excretion 
of nitrogen in the urine than is necessary for a hcalthy person. 
It may be recalled that carbohydrates diminish the proteid 
metabolism, and also that a person may support life on meat and 
fat alone without tissue waste. But in this latter case there is 
a sui)ply of carbohydrate derived from proteid metabolism. 
This is also true in starvation. But when the proteid sugar is 
withdrawn from the tissue cells in diabetes, there is at once a 
largcly increased proteid metabolism. This is most obvious in 
fasting animals treated with phlorhizin, as this glycosuria can 
be immediately induced. The increase in proteid metabolism 
is most marked where the higher D : N ratio exists. In this 
connection the following experiments on fasting animals are 
suggestive. 

* Straub: "Archiv für ex. Path. und Pharm.,*' 1896, Bd. xxxviii, p. 139. 
'Seelig: Ibid., 1905, Bd. lii, p. 481. 
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TABLE ILLUSTRATING THE INFLUENCE OF DIABETES ON 

PROTEID METABOLISM. 
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In the goat the proteid metabolism rose to 238, in the dog to 
450 per Cent, of that in the normal animals, as the result of the 
falling away of the influenae of the small quantit/ of proteid 
sugar produced in star\*ation. 

In the case of diabetes mellitus reportcd by Mandel and 
Lusk, where the ratio D : N was 3.65 : i it was found that the 
ingestion of broths containing 7.7 grams of nitrogen was fol- 
lowed by an elimination of 21.7 grams of nitrogen in the urine 
or a loss of body nitrogen approximating 14 grams. The patient 
was greatly emaciatcd, and passed this day in bed. He could 
not be maintained in nitrogen equilibrium with 19 grams of 
proteid nitrogen in the food, but was in nitrogen equilibrium 
when givcn 27 grams. In all cases of intense diabetes this fac- 
tor of an increascd proteid metabolism must be considered. 
In mild cases in which sugar disappears from the urine when 
carbohydrates are cut out of the food, and in which the patient 
may bum his proteid sugar, the proteid metabolism is not 
diflferent from that of a normal person living on meat and 
fat. 

Among the earliest work of Pcttenkofer and Voit' was a 
respiration experiment on a diabetic individual. The authors 

' Lusk: "Zeitschrift für Biologie," 1901, Bd. xlii, p. 43. 

' Reilly, Nolan, and Lusk: "American Journal of Physiolog>'," 1895, vol. i, 

P. 397- 

»Pcttenkofer and Voit: "Zeitschrift für Biologie," 1867, Bd. iii, p. 380. 
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compared the metabolism of a diabetic with that of a normal 
man, as is indicated in the foUowing table: 

COMPARISON OF A NORMAL AND A DIABETIC MAN. 

Gkams Geams Bdkmeo 

IN TBE Food. in the Body. 

Heallhy man, Proteid 120 120 

•• Fat 112 83 

*• Sugar 344 344 

Diabetic man, Proteid 107 158 

•* Fat 108 158 

" Sugar 337 o 

(337 gi^ins of sugar in the urine.) 

It is Seen here that the fat and proteid metabolism are in- 
creased in order to compensate for the non-combustion of the 
sugar. Several years later, on the basis of these experiments, 
E. Voit calculated that a diabetic on a moderate mixed diet 
yielded 1015 calories per Square meter of surface while the 
normal individual of similar build produced 1020 calories. 

The diabetic condition therefore, does not involve a decrease 
in the quantity of energy produced, but only an alteration in the 
source of the energy. This fact can be made still more strik- 
ingly apparent by comparing the metabolism of a normal fasting 
dog with the metabolism of the same dog made diabetic with 
phlorhizin. Such an experiment was first done by the writer* on 
a fasting dog of 1 1 kilograms and with the following results: 

COMPARISON OF NORMAL AND DIABETIC METABOLISM IN 

THE SAME FASTING DOG. 

GlAMS BüRNED CaLOKIES PKOM 

IN THE Body. Metabolism. 

Normal, Proteid 20.1g 80.68 

Fat 55.87 526.13 

Total 606.81 

Diabetic, Proteid 67.38 128.08 

Fat 51.15 481.69 

Total 605.77 

(39.4 grams dextrose in urine. D :N 1:3.65 : i) 

It is apparent from the above experiment that the proteid 
metabolism of the diabetic dog increased to 333 per cent. of that 

» Lusk: "Zeitschrift für Biologie," 1901, Bd. xlü, p. 31. 
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of the dog when normal. The fat metabolism slightly decreased, 
but the lotal cnergy derived from the metaboUsm was cxactly 
the same in both cases. 

Rubner' has rightly criticised this experiment for neglect to 
record the lemperalure al which it was carried out. Rubner 
has repeatcd ihe work when the dog was kept in a room having 
the temperature of 33°, but the D : N ratio in this dog was only 
2,8 : I on the second day of diabetes, and Rubner also did not 
take into account the preüminary Clearing out of the body 
sugar which raised his ratio on the first day. These facts, how- 
ever, do not invalidate his conclusions. 

Rubner finds the metabolism on the fasting days to be the 
equivalent of 477.8 calorics and on the diabetic days to be 510,4, 
an increase of 32.3 calorics per day in diabetes. This increase 
Rubner attributcs to the specific d>'namic action of the increased 
proteid metabohsm. This increase in protcid destruction in the 
diabetic dog amounted to the equivalent of 101. i calories. 
Rubner therefore caiculates that through the extra metabolism 
of the equivalent of 100 calorics in proteid, 31.9 of extra heat 
production arises. This agrees with his values elsewhere dis- 
cussed (p. 137). Rubner's results do not conflict with the 
writer's experiment, for at a room temperature bclow 33° the 
calories of Ihe chemical regulation of temperature are rcplaceable 
by those derived from the specific dynamic action of proteid, 
without any alteration in the total of the metabolism. 

The specific dynamic action of proleid ingested in diabetes 
ts also illustratcd in the experiment givcn on page 233. The 
knowledge at hand makes it possible to estimate the energy 
value of proteid to the diabetic. It may bc caiculated from the 
D : N : : 3.65 : i that 52.5 per cent. of the energy in meat pro- 
teid is lost to the organism in the form of dextrose. Rubner 
teaches that 28.5 per cent. of the energy of meat proteid is never 
utilized in the service of the life processes of the cell, but is 
liberated as free heat (p. 14a). There remains a balance of only 
19 per cent. which is actually available for maintenance of the 
' Rubner: " Gesetze des Energieverbrauchs." 1902, p. 370. 
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vital activities in diabetes. The three to fivefold increase in 
protcid metabolism, howcvcr, nearly neutralizes this great waste 
of energy, and leaves the fat metabolism very much as in the 
normal organism. 

The distribution of the energy from proteid in the diabetic, 
as described above, may thus be summarized: 

xoo Pkoteid Caloeies. 

28.5 for cleavage and denitzx)genization. 71.5 for life processes. 
Deduct 52.5 energy in dextiose. 

19.0 balance available » x. 

The production of dextrose from proteid involves the ab- 
sorption of a good quantity of oxygen. Magnus-Levy,* calcu- 
lating that 60 grams of dextrose arise from those decomposition 
products of 100 grams of proteid which do not appear in the 
urine and feces (p. 37), gives the foUowing table indicating the 
requirement for oxygen when proteid bums in diabetes: 

100 grams proteid =» 38.6 C. 4.24 H. Q.24 O. 

60 " dextrose — 24.0 C. 4.0 H. 32.0 O. 

Balance requiring 

respiratory O -I- 14.6 C. 4- 0.24 H. — 22.8 O. 

A further calculation showcd that the respiratory quotient 
for proteid in this diabetic condition was reduced from the nor- 
mal of 0.808 to 0.613. Hence in severe diabetes the respiratory 
quotient may fall below that representing fat metabolism. 

An accompanimcnt of diabetes which is also present in 
fasting (p. 63) is the occurrence of acetone, acetoacetic and 
sometimes /9-oxybutyric acid in the organism and in the urine. 
These substances occur in the absence of dextrose metabolism, 
and are believed by Geelmuyden' to owe their origin to fat 
metabolism. The quantity of these substances has been held to 
be a valuable aid in prognosis.' 

* Magnus-Lcvy: "Archiv für Physiologie," 1904, p. 379. 

' Geelmuyden: ''Zeitschrift für Physiologische Chemie," 1897, Bd. zziii, 

p. 43^- 

' Herter and Wakeman: "New York University Bulletin of the Medical 
Sdences/' 1901, vol. i, p. 8. 
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However, von Noorden ' rcports cases of diabetics who have 
excreted 5-6 grams of acetone and 30-40 grams of ,'-oxybutyric 
acid in a day, and yet havc lived comfortably for years. In the 
patient of Mandel and Lusk already mentioned, with a D : N 
ratio of 3.65 : i and a complele intolerance for carbohydrates, 
ihera was no ,i3-oxybutyric acid and the acetone in the urine was 
scarcely half a gram (0.8 gram at a majtimum), Magnus-Levy ' 
has" noted as much as i6o grams of ^-oxybutyric in the day's 
urine of a diabetic. 

Magnus-Levy was the first to call attention to a close rclation 
believed to exist between the accumulation of (3-oxybutyric acid 
and diabetic coma. Administration of an alkaü may delay but 
docs not prevcnt the onset of diabetic coma. Von Noorden,' 
from experiments of Herter and Wilbur, concludes that the neu- 
tral sali of oxybutyric acid is more toxic than has been believed. 

Schwarz* notes that the administration of butter and of 
bacon to diabetics increascs the acetonuria and that different 
fatty acids havc varying powers of so doing. He finds the Iowcr 
fatty acids, such as butyric acid, have the grcalest cffect in ihis 
connection, and the higher ones, such as oleic acid, have the 
least. Such experiments would indicate thal oleomargarin 
with its small content of lower fatty acids is preferable to butter 
as a food for the diabetic. Schwarz dctcrmined the acetone in 
the breath as well as ihe acetone and ,3-oxybutyric acid in the 
urine. 

Curiously enough, Joslin * has shown that oleic acid may 
nearly double the acetonuria in a fasting man, while butyric acid 
has no effect. Joslin believes that Schwarz's results with higher 
fatty acids may have been due to the lack of absorption. 

The wholc question is in an unsettled condition. 
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' Von Noorden: Von Lryden's 




Handbuch der Ernähningstherapie," 1904, 
:Sqq, Bd. xLü, p. 331 



Magnus-Levy: "Archiv für ex. Pnih. u. Phai 

Von Noorden: "Diabeles." IQ05, p. pg. 

Schwarz: "Dcutsthes Archiv für klinische Median," 1903, Bd. Izzri, 

ledical Research," 1904, vol. rii, p. 433. 
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Minkowski * noted that the livers of his depancreatized dogs 
were free from glycogen and this fact has been confinned by 
other observers. He also found that when Icvulose was given, 
glycogen could be stored. The glycogenic function is inhibited 
in so far as glycogen production from dextrose is concemed, but 
it is not destroyed as regards levulose and galactose. This 
relation may simply indicate that, perhaps through some prop- 
erty of the liver, glycogen is not formed from dextrose when 
dextrose is ncedcd for the tissues. 

Von Noordcn ' states that the inability of the organism to 
form glycogen is the true cause of the non-combustion of sugar 
and that sugar to be bumed must be polymerized into the 
higher Compound. An argument against this idea is that when 
the glycogen residual in the fasting organism diabetic with 
phlorhizin is influenced by tetanus, it is not bumed, but it is 
thrown into the blood and urine as extra sugar (p. 71). This 
expcriment would indicate that the normal utilization of gly- 
cogen by the muscle involves its preliminary conversion into 
sugar. 

The present discussion of metabolism in diabetes has been 
principally dircctcd along lincs involving the most intense forms, 
where the ability to bum sugar is totally absent. It has been 
observcd that there are many intermediary stages in this dis- 
ease in which the power to bum dextrose is vastly different 
To dcterminc the intensity of diabetes, Von Noorden has pre- 
pared a Standard tcst-diet which is largely employed in Ger- 
many. This dict is divided into portions for three meals. At 
breakfast and at lunch fifty grams of bread are allowed. The 
other nutrients are meat, eggs, bacon, butter, green vegetables, 
checse, lettuce salad, Coffcc, and wine. Should the urine of 
the diabetic be free from sugar on such a diet, the diabetes is 
mild in character. More bread may then be added to the diet 
from time to time and the commencement of sugar excretion in 
the urine watched. When sugar appears the limit of tolerance 

* Minkowski: Loc. cit. 

* Von Noorden: "Diabetes," 1905, p. 57. 
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for carbohydrate has been reached. IE, however, the urine 
contains sugar on the above test-diet, the quantity of bread is 
reduced, and the urine may then become free from sugar. 
If ihe urine contains sugar after all Ihe bread has been removed 
from the diet, the case is one of severe diabetes. Even hcre Ihe 
sugar may disappear from the urine on rcducing the prolcid in 
the dict and thereby cutting down one supply of carbohydrate. 
A diabetic of this ordcr may live on a low proteid dielary with 
enough fat to fumish sufficient encrgy for his body's require- 
ment, even as a normal man may exist. 

Mandel and Lusk' have commended another method for the 
clinical examinalion of severe types of diabetes, using the D : N 
ratio for this purpose. The procedure is as follows: If a dia- 
betic be given a meat-fal diet (rieh cream, meat, butter, and 
eggs) and the twenty-four hour urine of the second day be 
properly coUected,^ the discovery of 3.65 grams of destrose lo 
one gram of nilrogen signifies a complctc intolerance for carbo- 
hydrates and probably a quickly fatal outcome. The authors 
called this (D : N :: 3.65 : i) Ihe jatal ratio. 

A lower ratio of dextrosc to nitrogen on this diet indicates 
that some proteid sugar may be bumcd. Such a lolcrance for 
sugar may be increased on a meat-fat diet so Ihat the D : N 
ratio falls, and in fa\'orabic cascs the dextrose may entirely 
disappear from the urine. 

In the case of the medical Student of Mandel and Lusk, the 
ratio was constantly 3.65 : i and the progress of the discase 
rapidly fatal, death occurring six weeks after the ratio was dis- 
covered. In another case of the same investigators, a diabetic 
was revived from coma with sodium blcarbonale; then, after 
two days, the meat-fat diet was given, On the second day of 
this diet the D :N ratio was 2.91:1; on the lenth day, 0.34:1; 

'Mandel and Lusk: "Deutsches Archiv für klinische Medizin,"' 1904, 
Bd. Ixxxi, p. 47t. 

' The urine should be collected so thal an enrly moming hour {beforc break- 
fast) tcrminalFS Ihe period for one dav. This is necessary because ihe dei. 
IiDM «rising from ingesied proteid is climinated before the nitrogen belonging 
lo the same (p. iii). The long period bclwccn the evemng meat and brcak- 
faa allows for the elimination of bolh consliluents. 
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on the twenty-third day the patient's urine was free from sugar 
and he was eating a small amoiint of carbohydrate. This is an 
Illustration of improving tolerance when a diabetic is placed on 
a diet which is free from carbohydrates. Good practice calls 
for the occasional interpolation of periods in which the dietary 
is free from carbohydrates, on account of the beneficent effect 
on the power of the diabetic to bum sugar. 

The above-mentioned individual now appears to be doing 
well, two years after the test, but must look carefuUy to his 
dietary. His D : N ratio after one week of a strict meat and 
fat diet is 2.8 : i, which indicates a less favorable outlook than 
two years ago. He has not lost in weight. 

Physicians will object to this manner of investigation be- 
causc there is no ready method of determining the nitrogen in 
the urine. With the growth of laboratories for medical work, 
this difficulty will be removed. A frequent source of error is 
the untrustworthiness of the ordinary diabetic patient, who 
will privately eat carbohydrate in spite of the physician's pro- 
hibition. 

Having discovered by investigation the tolerance of a dia- 
betic for carbohydrates, the next step is to see that the patient 
is supplicd with a sufficient amount of energy in the food to 
correspond with the requirement of his organism (35 calories 
per kilogram). A diabetic with no tolerance for carbohydrates 
will rcquire betwccn 200 and 250 grams of fat according to his 
weight. This amount will not be taken unlcss all the devices of 
Variation in flavor be made usc of. The patient will not take it 
of his own accord, and the amount requircd should be carefully 
allotted, prcferably in a Sanatorium. Diabetics can be educated 
in such establishments to a proper course of dieting which is the 
only hope for the amelioration of their troubles. Alcohol may 
be used, in part, to fumish the neccssary calories in the diet. 

There is no known eure for diabetes. There is nothing 
cxccpt dieting that affords permanent relief. Opium is said to 
reduce the sugar output in cases bordering on the severe type.* 

* Von Noorden: "Diabetes," 1905, p. 158. 
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The cause of this action is unknown. Experiments inauguratcd 
upon an individual having Ihe 3,65 : 1 ratio might indicate 
whether its e£fect was really to increase the combustion of sugar 
or only to reduce the gcneral metabohsm. The ingcslion of ex- 
tracts of diffcrent organs does not apparently influence the sugar 
excretion. Laboratory invcstigations of the glycolytic power of 
pancreas extracts have becn vciy numcrous, but have failed to 
give striking rcsults. It is possible that the supposed cnzyme 
is extremely sensitive to a change in normal conditions. Mandel 
and Lusk gavc large quantities of yeast to a diabelic man with- 
out changing the D: N :: 3.65 : i, which shows that the enzymes 
of yeast arc not ablc to pcrmcate the intestinal wall so that ihey 
may replace the natural ferment of the organism. 

Minkowski discovcred that levulosc largely reduced protcid 
metabohsm in the case of depancreatized dogs. This led to the 
widespread use of levulose in diabetcs. Mandel and Lusk, 
however, found that the increase of sugar in the urine of thcir 
diabetic man, aftcr giving 100 grams of levulosc, was 80 per 
Cent, of the sugar ingested, The levulose had no cffect what- 
ever on proteid metabolism. 

Von Noorden' confirms this Observation, He also states 
that in severe cases of diabetes, levulose appcars in the urine. 
He believes that levulose is normally produced in metabolism 
and is normally bumcd. In very rare cases called levulosuria, 
levulose alone appears in the urine, One case of complete 
intolerancc for levulose has bcen reported.' Very likely in Min- 
kowski's depancreatized dogs the combustion power for levulose 
was entirely normal. 

The negative results as regards the value of levulose werc 
especially interesting in the case of Mandel and Lusk, This 
diabetic medical Student was confident of the efficacy of levu- 
lose on accountof opinions expressed by the writer in hislectures, 
|On the days of levulose ingcstion the patient's spirils revived, 



Minkowski: Lac. eil., p. 
Von Noorden; Lac. cö., ; 
Neubauer: "MUnchtne 




ni'd. Wochenschrift," 1505, p. 1533, 
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his strength, measured on the ergograph, decidedly improved 
and his companions remarked upon the benefit received. All 
of which shows that subjective sensations are not to be used as 
scientific criteria. 

Inthis connectionit may bc mentioned that rf-glucuronic acid 
and pentoses have a bearing on carbohydrate metabolism. A 
large variety of substances (camphor, chloral, turpentine) form 
syntheses with glucuronic acid in the organism, and correspond- 
ing glucuronates are then eliminated in the urine. At first 
glancc glucuronic acid appears to be the preliöiihary oxidation 
product of glucose, as is suggested by the foUowing equation: 

OHC (CHOH),CH,OH + O, - OHC (CHOH),COOH + H,0 
Dextrose. Glucuronic add. 

However, Mandel and Jackson^ administered camphor to 
fasting dogs for several days and noted the excretion of glucu- 
ronic acid. On giving large quantities of dextrose the proteid 
metabolism feil and with it the glucuronic acid elimination; and 
on giving the animal chopped meat the quantity of campho- 
glucuronic acid in the urine was correspondingly increased. It 
may be safcly inferred that glucuronic acid is produced solely 
in the intermcdiary metabolism of proteid. For the large liter- 
ature on this subject, and also on the pentoses, the reader is 
referred to othcr sources.' 

Pentoses, which are sugars containing five atoms of carbon, 
have becn dctccted in animal and vegetable tissue. Hammar- 
sten found a pentose in the nucleoproteid of the pancreas. 
Neuberg showed that this pentose and the one obtained from 
nucleoproteid in the liver is /-xylose. Grund' has found pen- 
toses in all the organs of the body, particularly in those rieh 
in nuclear material. 

Salkowski and Neuberg have shown that /-xylose may be 
dcrived through ferment action on d-glucuronic acid. Salkow- 

* Mandel and Jackson: "American Journal of Physiology," 1902, vol. viii. 
Proceedings of the American Physiological Society, p. xiii. 

* Neuberg: "Ergebnisse der Physiologie " 1904, Bd. iü, 1 Abtheilung, p. 373. 

* Grund: "Zeitschrift für physiologische Chemie," 1902, Bd. zxxv, p. 11 1. 
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ski was the first to dctect a pentose in the urine, and this Neu- 
berg has shown to be j-arabinose. The elimination of pentoses 
in the urine may accompany diabetes, but in extremely rare 
cases a simple penlosuria occurs in which pentose is the only 
sugar appearing in the urine. 

Luzzatlo' reports such a case in which the elimination of 
arabinose was indcpendent oE diet or mental or muscular cffort. 
Luzzatto bclicvcs the pentose in this case to have bccn /-arab- 
inose. Neuberg iinds that in ihe normal rabbit /-arabinose is 
more readily bumed than rf-arabinose. Luzzalto's case could 
be explained by supposing that the body had lost its normal 
power to bum /-arabinose as normally produced In mctabolism. 

Pentosuria is occasionally discovered in the routine of life 
insurance examinations. So far as known it is without danger 
to general health. 

Cremet,^ in a series of cxccUent experiments, has shown that 
a vegetable pentose, such as rhamnose, may be bumed in a 
rabbit and spare an isodynamic cquivalcnt of fat. In one rabbit, 
on a fasting day, the total melabolism amounted to 129.1 cal- 
ories (proteid, 22-5 and fat, 106.6), andon the day when rhamnose 
was given to 128.4 calories (proteid, 21.36; fat, 32.9, and rham- 
nose 74.11). 

Lindemann and May' found that 90 grams of rhamnose 
could be used by a normal man. When, howevcr, rhanmosc was 
given to a diabetic individual whose urine had bcen sugar free, 
sugar appeared in the urine. In cascs of severe diabetes re- 
ported by von Jacksch * il was found that rhamnose, arabinose 
and xylose lended to increase the proteid mctabolism, and hence 
the sugar outpul, and also brought about diarrhea. The use 
of penloses in diabetes has therefore not been successful. 

Opie' has endeavored to establish a connection between 

' Luzzatto: "HofmeEster's Beiträge," 1904, Bd. vi, p. 87. 

' Cremer; "Zeiisrhrid für Biologie," 1901. Bd, itlii, p. 428. 

' LindcmaDD and May: "Deutsches Archiv für klin. Med.." 1S96, Bd. Ivi, 

83. 

• Von Jnrltsch: Ihid.. i8<m, Bd. Lriü, p. 612. 

' Opie; "Journal of F. xperi mental Mediane," 1901, vol. v, p. 397. 
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changes in the islands of Langerhans of the pancreas and the 
cause of diabetes. Janeway and Oertel/ von Noorden, and 
others, have reported autopsies on cases of severe diabetes in 
which the pancreas appeared perfectly normal. It is not always 
possible to observc with the microscope the cause of patho- 
logical change in function. 

On autopsy in diabetes large quantities of fat are found in 
the liver and muscles. The same is observed in Chloroform 
narcosis when sugar appears in the urine, in anemia, and after 
respiration of rarefied air, where lactic acid is eliminated in the 
urine (p. 215), and in phosphorus- and arsenic-poisoning, which 
are similarly accompanied by an elimination of lactic add. 
These phenomena are always associated with an increased pro- 
teid metabolism. Fat likewise appears in the mammary glands 
during lactation (p. 201). 

Virchow assumed a fatty degeneration of proteid in which 
the tissue proteid was converted into fat, as distinguished from 
a fatty infiltration in which body fat passed into the cells. 
Much of the earlier writing of Voit is pervaded with the idea of 
a considcrable origin of fat from proteid (p. 120). The idea of 
a fatty degeneration of proteid in the old sense has been largely 
overtumed by the work of Rosenfeld.' Rosenfeld finds that if 
a dog be starved and then given sheep's fat, and again starved, 
the ingested fat will be found deposited as sheep's fat in his 
adipose tissue, while the liver will contain about 10 per cent. of 
fat, and this charactcristic dog fat. If now phosphorus- or 
phlorhizin-poisoning be induced and the liver be examined, 40 
per cent. of fat may be found therein and this in the form of 
shcep's fat. Hence, in these cases the fat is simply transported 
to the liver from the fat deposits of the body. The fat in the 
blood is largely increased.' The fat becomes normal in quan- 
tity in the liver twenty-four hours after the cessation of the phlor- 
hizin action. It is retransported to the depots of fat deposit. 

* Janeway and Oertel: " Virchow's Archiv," 1903, Bd. clxxi, p. 547. 
' Rosenfeld: "Ergebnisse der Physiologie," 1903, Bd. ii, I, p. 50. 

* B. Fischer (" Virchow*s Archiv," 1903, Bd. dxxii, pp. 30, 218) reports a 
case of coma diabeticum in which the blood senim contained 23 per cent. of fat. 
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H a fatty "dcgencration" were to be found anywhere, it 
»Would ccrtainly be looked for in the dying cclls of ihc phos- 
phorus liver, or in tlie analogous condition of acute ycUow 
atrophy of Ihe liver. But anothcr explanation avails. 

Mandel' has shown that lactic acid disappears from the 
blood and urine of a phosphorizcd dog if phlorhizin glycosuria 
be induccd. The writer bclievcs that ihc lactic acid which 
occurs is dcrivcd from the sugar formed in proteid mctabolism. 
In the abovc case the sugar is removcd before its conversion into 
lactic acid. In phlorhizin diabetes, dextrose docs not bum; 
in phosphorus-poisoning lactic acid dcrivcd from dexlrose 
does not bum. In both cases a sugar-hungry cell, or one 
whcre carbohydratc is not oxidized, is found, and under these 
circumstanccs fat is altracted to the cell, and in lai^er quan- 
titles than can be uscful. Whercvcr sugar frcely bums this fatty 
infiltration is impossible (p. 143). A reduccd local circulation 
in a portion of the heart may producc ancmia of the part, an 
imperfcct local combustion of lactic acid normally formed, 
and a fatty Infiltration of the localily. The writer offers this 
general hypothcsis as his explanation of fatty changes in tissue 
in general. 

It has becn stated that the action of phosphorus is to 
induce autolysis ( seif- d igest ion) of the body's protoplasm 
{Jacoby,' Waldvogel'), since leucin, tyrosin, and other amino 
acids may be eliminated in considerable quantity in the urine. 
Oswald* thinks that phosphorus destroys or weakens the antiau- 
tolytic agents of the body. That autolytic enzymes do not gain 
free control over the cells through the direct influence of phos- 
phorus, is proved by the work of Ray, McDermott, and Lusk.' 
These authors found that phosphorus injections raised the pro- 
teid metabolism of fasting dogs to 250, 260, 283, 248, 183, and 

' Mandel: "American Journal of Physiology," 1905, vol. xiii, p, xvi. 

' Jacoby: "Zeilschrift für physiologisrhe Chemie," 1900, Bd. XXK, p. 174. 

'Waldvogel: "Archiv für klinische Medinn," 1905, Bd. Ixixii, p. 437. 

' Oswald; "Biochemisches Cenlralblaii," 1905, Bd. iü, p. 365. 

'Ray, McDermott, and Luslt: "American Journal of Physiology," 1899, 
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164 per Cent, of that of thc dog when normal. They contrasted 
this incrcascd prolcid mctabolism with that obtained in phlor- 
hizin glycosuria, which is represented by increases to 540, 450, 
340, and 340 per cent. When, however, they gave phlorhizin 
and obtained the incrcascd metabolism, and then injected phos- 
phorus, this was not foUowed by any marked increase in proteid 
metabolism. Under these circumstances phlorhizin glycosuria 
is the predominating factor, removing thc dextrose produced 
from proteid. As regards phosphorus-poisoning Araki* be- 
lieves that lactic acid accumulation is due to lack of oxygenation 
of the tissues caused by a slow heart-beat, but not due to 
ancmia. Hc does not believc the oxygen deprivation to be 
very pronounced. The writer offers the explanation that phos- 
phorus may affect the cnzyme which breaks up the lactic acid 
derived from dextrose, and the accumulation of this acid may 
prcvcnt the action of some of the denitrogenizing enz)rmes; and 
furthcr, its non-combustion may necessitate an increase of pro- 
teid metabolism. 

This theory is strengthened by the discovery of Schryver* 
that the addition of lactic acid favors the accumulation of 
amino acids in autolysis of the liver. 

Claude Bemard showed that dextrose, whether derived from 
proteid or starch, was convertible into glycogen, and this again 
was changeable back into dextrose. Present knowledge adds 
lactic acid to both ends of this chain in showing the following 
possible progression of events, — lactic acid, dextrose, glycogen, 
dextrose, lactic acid. 

Quite pertinent to this theoretical discussion is the Obser- 
vation of von Jacksch' on a patient who recovered from phos- 
phorus-poisoning, and in whom a desire for carbohydrates 
marked the bcginning of convalescence. 

* Araki: "Zeitschrift für physiologische Chemie," 1892, Bd. xvii, p. 337. 

'Schryver: "The Bio-Chemical Journal," 1906, vol. i, p. 153. 

'Von Jacksch: "Zeitschrift für physiologische Chemie," 1903, Bd. xl, 
p. 123. 



CHAPTER XIIL 
HETABOLISH IN FEVER. 

By fever is generally understood a complex of phenomena 
whose dominant characteristic is a rise of body temperature. 
If the term fever be confined simply to the latter aspect, one 
might classify fevers as foUows: 

(i) Physiological jever, induced, for example, by immersion 
in a bot bath at a temperature of 40°, which prevents the normal 
loss of body heat through radiation and conduction. (2) Neu- 
rogenic jever, as brought about by the direct Stimulation of nerve- 
cells in the corpora striata of the mid-brain. (3) Aseptic jever y 
due to the resolution of blood-cells or crushed tissue in the 
organism. (4) Injective jever, produced after the infection of 
the organism by certain bacteria or their products and by some 
protozoa. Or, one may consider fever as being due to infection 
by bacteria or protozoa, and include all other increases of tem- 
perature under the term of hyperthermia. 

In a previous chapter the mechanism of normal heat regu- 

lation has been explained. It was there noted that on a warm, 

moist day the temperature of a fat individual, when he was 

working hard, rose considerably above the normal. This effect, 

if carried to an extreme, results in sunstroke, where the over- 

heating of the body causes a rapid pulse, accompanied by dizzi- 

ness, delirium, or unconsciousness. But in the great majority 

of cases the body temperature remains delicately balanced, 

notwithstanding changes in outside environment, or internal 

heat production. In the fat person at hard work the condition 

of increased metabolism is combined with that of difficult dis- 

charge of heat. A person placed in a bath at 40° would be sub- 

ject to conditions where there could be no heat loss but rather 

a gain in heat, even though his metabolism were low. In a 

249 
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normal person, therefore, a rise in temperature may be due to 
increased heat production, with difficulty in discharging it, or 
a check of heat loss may bc the only factor of the higher tem- 
perature. In the discussion of fever one is confronted by two 
possible factors: (i) an increase in heat production, and 
(2) a decrease in the facilities for the discharge of heat produced. 

It has ah-eady been set forth that the metabolism in a cold- 
blooded animal increases with the temperature of his environ- 
mcnt. Warmed tissue metabolizes more material than cooled 
tissuc. It is therefore to be expected that the metabolism in an 
organism which has been warmed to fever heat wiH be greater 
than the normal. This was beautifully shown in the experi- 
ments of Pflüger,* who subjected both curarized and normal 
rabbits to extemal warmth which raised their temperatures. 
In the animals whose voluntary muscles were paralyzed by 
curare, as the rectal temperature rose from 39° to 41°, the oxy- 
gen absorption increased 10 per cent. for each degree of tem- 
perature increase. In the normal animals the increased me- 
tabolism between temperatures of 38.6® and 40.6° was shown 
by increases of 5.7 per cent. for oxygen, and 6.8 per cent. for 
carbon dioxid for a rise of one degree of temperature. 

It has been noted in another chapter (p. 93) that Rubner 
found in man that a bath at a temperature of 35° had no effect 
on metabolism, while one at 44° increased the volume of respira- 
tion 18.8 per cent., the oxygen absorption 17.3 per cent., and 
the carbon dioxid elimination 32.1 per cent. Linser and Schmid' 
confirm these results in experimcnts on two men suflFering from 
Ichthyosis hysirix, which involved almost complete loss of fimc- 
tion of the sweat glands. The body temperature of these men 
could be varicd by altering the temperature of their li\'ing room 
between 30° and 38°. The humidity of the room was from 
40 to 50 per cent. The maximum increase in the metabolism 
of these individuals is represented by a rise in carbon dioxid 

» Pflüger: "Pflüger's Archiv," 1878, Bd. xviii, pp. 303, 356. 
'Linser and Schmid: "Archiv für klinische Medizin," 1904, Bd. Ixxiz, 
p. SM- 
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ition from 3.8 c.c. per minute and kilogram at the body 
:mperature of 36.2" to 5.3 c.c. per minute and kilogram at 39°. 
The number of respiralions, which wcrc from 1 2 to 15 per minute 
at 36°, increased to 20 and 22 at 39°. The total inerease in the 
carbon dioxid output, due to a risc of 3° through simple warming 
of cells, amounted to 40 per cent. 

The next qucstion is of the nature of the materials which are 
oxidized. It has long been known that Urea cxcretion is abnor- 
mally high in fever, and this led to the inquiry whether the cause 
was merely the result of increased body tcmperature or due to 
toxic infiuenccs, Thus, Schleich' finds that a man in nitrogen 
equilibrium is affcctcd by an hour's bath in water between 40.5° 
and 41.5° which causes his temperatiire to reach 39.7°, so that his 
nitrogen metabolism for the day increases 18, 22, and 37 per cent, 
Other authors have not found any inerease, but Linser and 
Schmid ' explain these divergences of opinJon by showing that 
an inerease of body tcmperature to 39° in man has no effect on 
proteid metabolism, but that above this there is always an in- 
creased destruction of proteid, Thcy therefore conclude that in 
toxic fevers whcre the temperature is not above 39° any inerease 
of proteid metabolism must be due to the toxic processes and not 
to the hyperthermia. 

F. Voit' found that on artificially raising the temperature of 
a fasting dog to 40° or 41° for a period of twelve hours, there was 
an inerease in nitrogen elimination of 37 per cent. above the 
normal. Warming for a period of only ihrce hours had 
slight effect. If, however, the animal were fed with meat and 
fat, warming increased the proleid metabolism only 4 per cent. 
If the animal were given 30 to 40 grams of cane sugar, no 
increased mctabohsm of proteid followed the risc in temper- 
ature to 41°. It is apparcnt that the Ingestion of proteid and 
carbohydrates may control this rise in proteid destruction due 

' Scbleich: "Archiv für ex. Path. und Phann.," 1875, Bd, fv, p. go. 
' Linser and Schmid: Loc. eil. 

'Voit, F.: "Silzunggberichle der Gesellschaft fUr Morpbologie und Phys- 
iologie," 1895, Hdi ii 
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to a febrile temperature. F. Voit explains the increase in pro- 
teid metabolism in hyperthermia as due to the quick combustion 
of glycogen and the consequent impoverishment of the tissues 
as regards carbohydrate material. Proteid or carbohydrate 
ingested fumish the necessary carbohydrate and prevent the 
hyperthermal rise in proteid metabolism. The destruction of 
proteid due to toxic processes cannot be so easily controlled, as 
will be Seen later. 

If certain portions of the brain be punctured, and particu- 
larly the region of the corpora striata, a high fever sets in. Here 
again there is an increased output of carbon dioxid and a rise 
in proteid metabolism. This phenomenon has been recently 
investigated by Hirsch, Müller, and RoUy \ and by Rolly' alone. 
They find that after the "heat puncture" of the corpora striata 
the liver, blood and skin become warmer than the muscies, 
although normally the muscies are warmer than the skin. 
They find that the heat puncture is eflfective even in curarized 
animals, where the muscies are free from nerve Stimuli. Rolly 
fipds, however, that the heat puncture is unsuccessful if the 
liver of the rabbit has been previously freed from glycogen by 
strychnin convulsions. Under these circumstances there is no 
rise in temperature nor concomitant rise in proteid metabolism. 
The inference is that the fever in question is due to nerve im- 
pulses which increase the metabolism of carbohydrate in the liver. 
In infectious fever there is little glycogen in the organism, but 
that the fever in this case is due to other causes than the rapid 
combustion of carbohydrates was shown by Rolly, who infected 
a rabbit, which had been freed from glycogen as above described, 
with a culture of pneumococci and obtained as great a rise in 
temperature and proteid metabolism as would have occurred 
had the tissues of the rabbit been rieh in carbohydrates. The 
rise in temperature after puncture of the corpora striata may be 
termed neurogenic jever, and it is like its companion, the gly- 
cosuria following Claude Bemard's puncture, in that its mechan- 

» Hirsch, Müller, and Rolly: "Deutsches Archiv für klin.Mcd.," 1903, Bd. 
Izzv, p. 264. ' Rolly: Ibid., 19031 Bd. Uzviii, p. 250. 
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ism is no more invoked in true infectious fever than are the nerve 
Centers in diabetes mellitus (p. 226). 

If the extent of metabolism in infectious fevers be inves- 
tigated and compared with that found in simple hyperthermia, 
a very analogous State of affairs is discovcred. The course 
taken by the metabolism in toxic fevers is, as a rule, (i) a slight 
rise in proteid metabolism, even bcfore the fever sets in; (2) 
increased metabolism with heat retention and increased proteid 
destruction; (3) heat production and heat outgo become equal, 
with the body at a higher temperature level. These factors are 
illustrated in the experiments of May* on fasting rabbits in- 
jected with a culturc of erysipelas of the pig. The results of 
these respiration experiments with three rabbits, in which the 
normal, transition, and fever periods were investigated, are 
given below. 

METABOLISM IN FEVER IN RABBITS (May). 



Rabbit 



Calobiks. 



Day 
or Fast. 



Body 
Teiipebatube. 



H 



3 
4 
5 

3 
4 

5 
6 

3 

4 
5 



39-2-39S 
39.7-41.2 

41.2-40.7 

38.5-38.2 
38.2-38.6 
38.6-38.6 
38.7-40.1 

39.0-39.6 
39.6-39.2 
39.7-41.0 




Reuabks. 



Normal. 

Injection. 

Fever. 

Normal. 

Injection. 
Fever. 

Normal. 

Injection. 



The above table shows a slight increase in the proteid me- 
tabolism on the day of infection. It also shows that a high 
fever may be reached by the end of the twenty-four hours after 
the injection without materially altering the heat production 
of the day. It demonstrates that on the day of continued fever 

* May: "Zeitschrift für Biologie," 1894, Bd. xxx, p. i. 
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the metabolism increases, and this at the expense of an increased 
destruction of proteid, while the fat consumption remains un- 
altered. A calculation shows that on the days of high fever 
20 per Cent, more energy was produced in rabbit E, and 15 per 
cent. more in rabbit G, than on normal days. Since Traube's 
writings on the subject, the cause of fever has been attributed, 
not to great heat production, but to a disturbance in the mech- 
anism for the regulation of heat loss. On recalling the fact 
that the metabolism of a fasting dog may be raised from 100 
calories in starvation to 189 caloriesafter givingmeat (p. 129), 
without any change of body temperature, it becomes evident 
that the rise in metabolism in fever is too insignificant to be the 
cause of the rise in temperature. In fact, as has been already 
set forth, the rise in body temperature from failure of the phys- 
ical regulation may of itself explain the increase in heat pro- 
duction. Thus a calculation made in the case of rabbit E 
shows that the carbon dioxid elimination is increased 6.6 per 
cent. for each degree of rise in temperature, which corresponds 
to Pflüger's experiments, before mentioned, in which artifi- 
cially warmed normal rabbits excreted 6.8 per cent. more carbon 
dioxid for each degree of rise in temperature. 

Long before May's experiments, Wood* had found an 
averagc increase of 23 per cent. (calculated by Welch) in the 
heat production of fasting dogs after inducing fever; and he also 
found that mere ingestion of food by a normal dog would 
cause a greater heat production than fever itself. 

Traube attributed the cause of fever to a cramp-like con- 
striction of the pcriphcral arterioles which prevcnted the proper 
distribution of blood at the surface, and therefore hindered the 
normal cooling of the body. 

The effect of a cold bath upon a vigorous man is to constrict 
the pcriphcral blood- vessels and to increase the heat production. 
The body temperature, instead of falling, may rise for eight or 
ten minutes and then sink.' If the individual pass from the bath 

»Wood: "Fever," Philadelphia, 1880. 

' Lcfevre, J.: "Comptes rendus soc. biol.," 1894, T. 46, p. 604. 
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during the earlier minutes the bot blt>od comes to ihe surface 
to be coolcd, and the body glows with a red color, the so-called 
"reaction." This expcrimcnt shows thal there arc factors 
invokcd during ihc first fcw minutes which prevent the dis- 
charge of the hcat produced. One factor must be a gcneral 
constriction of the peripheral arteries, causing the blood to 
remain in the heat producing inner organs of the body. In 
this experiment, thereforc, cooling of the organism is prevented 
by the mechanism of physical regulation above describcd, and 
the mechanism of chemical regulation which rcflexly increases 
heat production. 

To combat a rise in temperaturc, however, the only means 
available is the physical regulation, — i. e., the distribution of the 
blood and the production of sweat. If these avenues of hcat 
loss be diminished or shul off, heat accumulates wilhin the body 
and tcmperature rises. How an Increase in heat production 
of 89 per Cent, may not cause a rise in temperaturc in a normal 
animal has aircady been dcscribed; whereas, a high fever may 
be accompanied by an incrcased mctabolism of only 15 per cent. 
The cause of the fever must thereforc be due to diminution in 
the abilily to discharge the heat produced. 

In further support o£ this, Senator has shown that the fever 
foUowing pus injections in a dog bcgins with a retcntion of heat 
within his body. Ncbelthau ' found that whcn the heat discharge 
of anormal rabbit was callcd 100, during the first twelve hours 
of infection in which the temperaturc rose from 38.6° to 40.1°, 
the discharge of hcat was bul 96.3. Assuming the heat produc- 
tion to havc been the same in these two periods {as was actu- 
ally the case in the rabbils of May) then the heat retained would 
account for the pathological increase in temperaturc. At a 
latcT stage the discharge of heat rose to equalize its production 
at the higher tempcrature, 

Ncbelthau has shown a fall in temperaturc and heat produc- 
tion in a rabbit whosc cord was divided between the sixth and 
seventh cer\'ical vcrtcbra;, and has also demonstrated that undcr 



"Zeilschritt für Biologie," 1895, Bd. j 
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these circumstanccs infection with erysipelas of the pig had no 
influencc on temperature or heat production. The inference is 
that thc febrile toxins act through the higher vasomoter centers, 
whose regulatory control is lost in the above experiment. 

A kindred interpretation may be placed on the experiments 
of Mendelson,* who was unable to produce fever through pus 
injections when the dög was under the influenae of chloral or 
morphin, although such treatment in a normal animal caused 
a rise in temperature of from 36.3° to 39.9° in forty-five minutes. 
Mendelson also finds a constant constriction of the renal blood- 
vessels in fever. 

Further experimentation convinced Sawadowsky' that fever 
could not be produced after the mid-brain was severed from the 
medulla, whereas if the mid-brain be left intact but the cere- 
brum be sectioned from it, fever may be induced in the ordinary 
course. The toxic substance must therefore act on nerve-cells 
in the mid-brain, which in tum stimulate the meduUary centers. 

At times during high fever the skin may be red and the periph- 
eral blood-vessels distended. Although there is no sufficient 
explanation for this, Krehl' suggests that the quantity of blood 
flowing through the vessels at the time may be inadequate to 
reduce the body's temperature. 

The second means of physical regulation of the body tem- 
perature is through thc evaporation of water both from the lungs 
and the sweat glands. It might be surmised that the activity of 
this mechanism was reduced in fever. Nebelthau* has shown 
that the heat lost by evaporation of water, and by radiation and 
conduction, bore exactly the same ratio to each other in normal 
and in fever-infected rabbits. Since Rubner (p. 90) has proved 
that the elimination of water in normal animals greatly increases 
at high temperatures, the mere maintenance of the usual water 
evaporation during fever would of itself be abnormal. 

* Mendelson: "Virchow's Archiv," 1885, Bd. c, p. 274. 

' Sawadowsky : " Centralblatt für medizinische Wissenschaft," 1888. 

* Krehl: " Pathologjische Physiologie," 1904, p. 453. 

* Nebeithau: Loc. cü. 
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No complete metaboHsm experiment on a man suffering 
from high fever has ever been made, and here is an opportunity 
for some one to perform a rare servicc. By no means the least 
interesting phase of such an experiment would be the course of 
water elimination from the skin. 

Lang* has shown that the elimination of sweat is reduced 
during the rise of temperature in man, but at the height of fever 
is the same as the normal, while there is some increased evapo- 
ration from the lungs. 

Rcccnt experiments by Schwenkenbecker and Inagaki' 
show that the ** insensible Perspiration" in fever is as great as 
in heahh, and that although the urine may decrease in quantity 
there is no actual accumulation of water in the body as was be- 
lieved by von Lcydcn. 

Lang' has also shown that the secretion of sweat is increased 
50 per Cent, after the ingestion of food as against an increase. 
of 70 per Cent, in the normal individual. 

In intermittent fever profuse Perspiration is certainly an 
important factor in the reduction of temperature at the end of 
the febrile stage. 

It may be concluded, as Krehl emphatically states, that 
insufiiciency of water evaporation plays a not unimportant r61e 
in the febrile rise in temperature. The body might be cooled 
wcre the sweat glands freely active. 

The production of hcat in fever may be greatly increased 
during a chill, and a rapid rise in temperature may follow. 
This was shown by Liebermeister* in a case of malaria. The 
temperature rose from 36.9° in the first half hour to 39.5*^ at the 
end of another hour, while the carbon dioxid expired rose from 
13.85 grams to 34.20 grams per half hour. This was a case of 
chill with shivering. This increased metabolism is due to the 

* Lang: "Archiv für klinische Medizin," 1903, Bd. Ixxix, p. 343. 

' Schwenkenbecker and Inagaki: "Archiv für ex. Path. und Pharm.," 1906; 
Bd. liv, p. 168. 

' Lang: Loc. cit, 

* Liebermeister: "Deutsches Archiv für klinisches Medizin," 1871, Bd. 
viii, p. 153. 
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mechanism of chemical regulation. The blood is driven from 
the skin by vaso-constriction, those end-organs of the skin which 
are sensitive to cold are strongly stimulatcd, with the resiilt that 
there is a reflex increase of heat production. That this is true 
is shown by the fact that if the cold Stimulation be removed by 
supplying a warm environment, the attending phenomena pass 
oflF (Krehl.y 

Any muscular exercise, such as sitting up, increases metab- 
olism, and may under some circumstances cause a rise in temper- 
ature in fever. The diumal Variation of temperature is similar 
in character to that of health, but its fiuctuations are much more 
extreme, on account of the increased excitability of the vaso- 
motor control of the discharge of heat. The parallelism be- 
tween the amount of the metabolism and the height of the tem- 
perature during the day is shown in Fig. 9, taken from 
Riethus.' 

It is apparent that cold and muscular work increase metab- 
olism and temperature in fever, and it may be also surmised 
that large proteid ingestion, which by its specific dynamic 
action increases heat production, will likewise increase the 
body's temperature at a time when heat discharge is difficult 
(p. 140). 

May' summarizes the conditions of metabolism in fever in 
the following Statement: ** There is an increased proteid metab- 
olism but no increased fat metabolism, except such as may 
incidentally rcsult from dyspnea, chill, or muscular activity." 

Infectious fevers are characterized by a toxic destruction of 
body proteid. Somctimes, as in the earlier stages of tuber- 
culosis, this tissuc destruction may be present in the absence of 
fever itsclf. Such a toxic action on body proteid is also ob- 
scrved in cancerous cases, as was described by Fr. Müller.* 
Müller writes: "In the seven cases (of Carcinoma) cited, the 

* Krehl: "Pathologische Physiologie," 1904, p. 452. 

' Ricthus: "Archiv für ex. Path. und Pharm.," 1900, Bd. xliv, p. 239. 

* May: Ott's "Chemische Pathologie der Tuberculose," 1903, p. 355. 

* Müller, F.: "Zeitschrift für klinische Medizin," 1889, Bd. xvi, p. 496. 
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Fig. 9. — Case of abdominal typhoid (Riethus). The figum t to 6 on the 
left represcnt thc amount in c.c. of CO) and O, of rcspiralion per kilogram and 
minutc. The measurements were all madc during fasting. The O, curve may 
be considered as ncarly proportional to the heat productioD (p. 33). 



26o SCIENCE OF NUTRITION. 

nitrogen excretion was larger than the nitrogcn ingestion and 
conscquently the body lost proteid. In two cascs the proteid 
loss was no greatcr than in healthy individuals with similar 
insufficient nourishment. In all the other cases the proteid 
mctabolism was decidedly above that of healthy men under the 
same conditions. Even an ample dietary was not able to estab- 
lish nitrogen equilibrium. As more food was given the nitrogen 
elimination rose higher and higher, but the point of nitrogen 
equilibrium seemed unattainable." Müller compared the 
cachexia of Carcinoma with that found in febrile processcs and 
believed them to be analogous. 

As regards tuberculosis May * writes: "Larger quantities of 
the toxins produce, with ccrtain exceptions, a direct injury to 
the cell protoplasm. They are strongly toxic. The quantity 
of proteid destruction attributable to this cause is not very large 
and becomcs of importance only when continued for along period 
of time and where there is no compensatory regeneration. It 
api)cars that the power to regenerate on the part of these cells 
which are dcstroycd by toxins is greatly reduced and in severe 
cases entirclv lost." 

Other fcvcrs show a high toxic destruction of proteid. F. 
Müller* rei)orts a daily loss of 10.8 grams of nitrogen (equal to 
318 grams of muscle) by a typhoid patient during eight days of 
fever. During fever in croupous pneumonia, the proteid metab- 
olism is much higher than normal. After the crisis there is still 
a largc excretion of nitrogen in the urine which continues until 
the croupous exudate has been decomposed by autolysis, ab- 
sorbcd by the blood, and metabolized in the body (epicritical 
nitrogen elimination). In acute pneumonic phthisis (galloping 
consumi)tion), with its caseous transformation of lung tissue, 
there is a vcry high waste of tissue proteid. F. Müller' has 
shown that while the croupous exudate readily undergoes auto- 



* May: C3tl's *' Chemische Pathologie der Tuberculose," 1903, p. 335. 
2 Müller. F.: "Centralhlalt für klinische Medizin," 1884, No. xxxvi. 

* Müller, F.: "Verhandlungen des 20 Congrcsscs für innere Medizin," 
1902, p, 192. 
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lysis at a tempcrature öf 40°, with the production of deutcro- 
albumoses, lysin, leucin, tyrosin, etc., the caseous mass does 
not undcrgo autolysis although it permits free diffusion of solu- 
ble material, such as phosphates. Hence, although the proteid 
of the cheesy mass is insoluble in the organism, the soluble 
toxins may be absorbed from the diseased part, and be the 
causative agent of the rapid destruction of body proteid in gal- 
loping consumption. 

The above analysis of metabolism in fever shows that the 
small increase in total metabolism is associated with increases 
in proteid metabolism due (i) to the high temperature, and (2) 
to the virulence with which toxins attack the body tissue. It 
has been shown that carbohydrate ingestion may reduce the 
proteid destruction due to the overheating, and that toxic de- 
struction may or may not be compensated for by regenerative 
processes. Upon this general knowledge it is possible to con- 
struct a dietary schedule for the patient. 

In all fevers the septic products act upon the hunger ccnters 
in the brain, and appetite is wanting. This is cvidenced 
throughout the coui;se of tuberculosis, for example, and tends in 
this case to weaken the body's resistance through undemutri- 
tion. Forced feeding is therefore resorted to. 

The experiments of von Hösslin* strongly affirmed the be- 
neficence of a liberal diet in ordinary fevers. He writes: 
"The results show that febrile patients, or at Icast those who 
do not run temperatures above 40° to 40.5°, can digest and 
absorb the total amount of proteid, fat and carbohydrates 
which can be given them with their diminishcd appetite, pro- 
vided the food is administered in a proper form. Temperature 
and metabolism are only slightly increased thercby." 

A milk diet is the usual course prescribed in fevers. Since 
milk is the proper diet for a rapidly growing calf , its proteid con- 
tent is extremcly high. The relative quantity of this ingredient 
may be reduced by modifying the milk through the addition 
of milk sugar or cream. In this way von Leyden and Klem- 

* Von HössHn: " Virchow's Archiv," 1882, Bd. Ixxxix, p. 317. 
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perer * have added 5 per cent., then y.y, and finally 10 per cent. 
of milk sugar to whole milk. The last named quantity raises 
the calorific value by 410 calories per liter, and makes a milk 
containing 1050 calories per liter. Two liters of such milk 
would be nearly or quite suflScient to cover the requirement of 
an individual confined to his bed. A milk so prepared may be 
given to most patients without producing diarrhea or indigestion. 
The taste is perfectly agreeable to the patient. In this way 
carbohydratcs which are highly desirable in the febrile condition 
can be properly administered. Von Leyden and Klemperer 
have also found that an addition of cream to milk, so that its 
value is incrcased by 2.5 per cent. of fat, or 225 calories per 
Uter, is favorably rcceived by the patient. Such a milk diet may 
be fortified by the addition of brandy, whiskey, or sherry. This 
increases the calorific value of the milk, but more particularly 
gives it taste, and both through the awakening of the sense of 
appctite and through direct action upon the neuro-secretory 
apparatus of the digestive tract, favorably infiuences the 
digestion of the food. 

It seems stränge that in this country where so much attention 
has bcen paid to the modification of infant food, the preparation 
of suitable diet in fever should have received such scant attention. 
It may well bc that investigation will show that dilution of 
milk and its fortification by ingredients other than proteid 
may be as advantageously practised in fever cases as in in- 
fant nutrition. 

The discussion now tums from these theoretical considera- 
tions to the actual results of nutritive investigations in fever as 
presented by von Leyden and Klemperer. 

The following table represents a case of a typhoid fever 
patient to whom milk fortified with meat powder was given, 
thcreby producing a high proteid diet. The quantity of the 
individual nutricnts, the calorific value of the diet, and the 
nitrogcn in the urine and feces wcre determined. The daily 

* Von Leyden and Klemperer: Von Leyden's '* Handbuch der Ernährungs- 
therapie," 1904, Bd. ii, p. 345. 
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loss of body nitrogen was calculated. The results were as 
follows: 



METABOLISM IN ABDOMINAL 
TYPHOID. 



DIET HIGH IN 
PROTEID. 







FOOG 


). 






EXCRBTA. 




High- 

KST 

Tkmp, 


Amount 
IN Grams. 


Calo- 

RIBS. 


N. 


Fat. 


Carbo 
hydrates. 


Urinb 

N. 


Fbcbs 

N. 


Total 

N. 


Loss 

OP 

Body 

N. 


39-6 


600 milk. 


ISS 


3a, 


21 


27 


i|.76 


042 


16.18 


12.98 


39.8 


1000 milk. 


536 


35 


45 


0.42 


19.38 
18.30 


14.02 


40.2 


900 milk. 


686 


7.67 


31 


40 


17.88 


0.42 


10.63 




20 meat-powder. 


















39.7 


1200 milk, 

50 raeat-powder. 


1003 


13-61 


42 


54 


21.56 


175 


2331 


9.70 


39-9 


1500 milk, 

100 meat-powder. 


1392 


22.45 


52 


67 


28.7 


1.75 


30.45 


8.00 


40.3 


1200 milk, 

50 meat-powder. 


II88 


20.86 


42 


54 


27.9 


1-75 


29.65 


8.79 


40.3 


1500 milk, 

50 meat-powder. 


1206 


15.2 


52 


67 


21.7 


1.92 


23.62 


842 


39.8 


2000 milk, 
50 meat-powder. 


1546 


17.85 


70 


90 


22.9 


1.92 


24.82 


6.97 


40.2 


2000 milk, 

100 meat-powder. 


173a 


25-1 


70 


90 


29.6 


1.92 


3152 


6.42 


39-9 


2000 milk, 

! 50 meat-powder. 


1546 


17.85 


70 


90 


20.85 


2.13 


22.98 


5.13 


39.8 


t2oo milk, 

50 meat-powder. 


1002 


13.61 


42 


54 


19.76 


2.13 


21.89 


8.28 


39-9 


1500 milk. 


1020 


8.0 


52 


67 


15.86 


2.13 


18.02 


10.03 



It will be noted that there was a large loss of body nitrogen 
on every day of the experiment. Even when the diet con- 
tained 25.1 grams of nitrogen, the excreta of the day contained 
31.5 grams, indicating a loss of 6.4 grams from the body. The 
days of the smallest loss of tissue nitrogen were those on which 
the largest quantity (90 grams) of carbohydrates was given. 
Also a diet containing 17.85 grams of nitrogen seems to protect 
the proteid waste about as well as one with 25.1 grams of nitrogen, 
when both diets contain equal quantities of carbohydrates 
and fat. 

Von Leyden and Klemperer regard the above experiment 
as indicating the advantage of a large proteid ingestion in pre- 
venting tissue waste. But deficient calorific value and lack of 
carbohydrates may be accoimtable for the increased waste 
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on the lower proteid diets. It must also be remembered that 
proteid itself yields carbohydrate in metabolism. That carbo- 
Hydrates of themselves cannot prevent the toxic waste of proteid 
tissue is beautifuUy illustrated in another experiment given by 
the same authors. The case was again one of tjphoid, and 
carbohydrates were given in large quantity: 



HiCH- 
F.ST 

Tf.mp. 



METABOLISM IN ABDOMINAL 
TYPHOID. 



DIET HIGH IN 
CARBOHYDRATE. 



Food. 



Quantity in Grams. 



Calo- 

RIES. 



39.8 ' 

397 

I 

38.8 
40.2 
39-6 
38.8 ' 
39.2 



2808 milk. 
400 lactose, 
60 elucose, 
\ liier shern*. 
2768 milk, 
200 lactose. 
iSl glucose, 
I liter Sherry. 
2460 milk, 
300 lactose, 

\ liier Sherry. 
2366 milk. 
300 laclose, 

} liier Sherry. 
2430 milk, 
loq laclose. 
\ liier sherr>'. 
2080 milk. 
200 i^lucose. 

I Hier sherr>'. 
1870 milk, 
200 elucose, 
) liier Sherry. 



N IN Fat in 
Grams. Graus. 



Carb. 

IN 



Excreta. 



Urine 

X IN 



Ffcfs 
N IS 



Grams. 1 Grams.! Grams. 



3020 

3295 

2952 
2892 
2522 
2420 
I 2141 



14.9 
14.6 

13.0 
12.5 

12.8 

II. I 

9-9 



98 
96 

86 
83 

85 
80 

65 



3r^ 

457 

411 
406 
310 

303 
344 



30. 1 

19.7 

23-7 
23.3 

237 
21.8 

19.4 



1-5 



1.5 



1-3 



1.2 



J.3 



i.i 



i.o 



Loss 

OF 

Body 

X IN 

Grams. 



6.7 

6.6 

12.0 

I3.0 
12.3 

11.8 
9-5 



In this case it is definitely shown that a moderate amount of 
proteid, combincd with a largc quantity of fat and carbohydrates 
of largc cncrgy content, does not in any way prevent the con- 
stant wastc of body tissue in tj'phoid fever. Since it has been 
demonstratcd that carbohydrates prevent tissue destruction due 
to hypcrthermia, it must be assumed that the ni trogen waste is 
here due to toxic destruction of the cells. An important question 
and one unanswercd is this: Would the tissue waste have been 
Icss had morc proteid been given? To this vitally significant 
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question there is to-day no answer. If the tissue wastc on this 
diet is an inevitable consequence of the disease and is not to be 
prevented by increasing the proteid in the food, then such proteid 
increase is to be avoided on account of its extra heat-producing 
power, — its specific dynamic action. 

An illustration of the course of nitrogen metabolism in a 
diflferent fever — namely, pneumonia — may also be takeh from 
von Leyden and Klemperer. The details are as foUows: 



METABOLISM IN PNEUMONIA. 







Fot 


3D. 




• 




EXCRETA 






Temp. on 




• 










% 


SUCCESSIVE 




& 






6 H 

BQ < 










Days. 


QüANTlTY 


M 


N. 


Fat. 


Urine 


Feces 


Total 


Lossor 




IN Grams. 


ii 


H et 
< Q 


N. 


N. 


N. 


Body 






< 
u 






^5 








N. 


40.8 (highest). 


2000 milk. 


13<« 


10.6 


70 


90 


: 247 


0.9 


25.6 


15.0 


40.9 (highest). 


aooo milk, 
150 Cream, 
100 lactose. 


1980 


11.4 


85 


197 


22.8 


0.9 


23.7 


12.3 


41.2 at 12 M. 


3000 milk. 


1975 


10.6 


70 


240 


21.7 


0.9 


22.6 


12.0 


36.8 at 7 p. M. 


150 lactose. 


















37.3 (highest). 


2000 milk, 
200 Cream. 


1612 


11.7 


90 


99 


21.9 


i.i 


23.0 


11.3 


36.8 (highest). 


3000 milk, 
300 Cream, 


1752 


13-7 


100 


99 


■ 18.5 


i.i 


19.6 


5.9 


36.8 (highest). 


2000 milk, 
300 Cream, 

4 egg«. 


2018 


17.3 


120 


104 

1 


18.7 

i 


I.I 


19.8 


2.5 



In the above case it is again demonstrated that nitrogen 
equilibrium cannot be obtained during high fever, and also 
that the loss of body nitrogen does not cease at the crisis, but 
rather continues on account of the epicritical elimination of 
nitrogen derived from the proteid of the croupous exudate. 
During the time of this epicritical elimination the body appears 
unable to add new proteid to itself. About four days after the 
crisis, true convalescence begins with the upbuilding of new pro- 
teid tissue. (For further details regarding nutrition in fever the 
reader is referred to von Leyden and Klemperer's admirable 
article,from which the tables above have becn transcribcd.) 

On autopsy of patients who have dicd of fevers, parenchy- 
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matous and fatty dcgeneration of the organs have been found. 
These changes have been ascribed to overheating of the cells. 

Litten* warmcd guinea-pigs artificially and noted fatty but 
no parenchymatous degeneration of the tissues. The space in 
which the animals were kept was, however, insufficiently ven- 
tilated, and the fatty change might have been caused by d)rspnea, 
as results in normal animals (p. 215). 

Naunyn ' obsen^ed that rabbits might be artificially warmed 
for thirtecn days so that an average body temperature of 41.5° 
was maintained without any parenchymatous or fatty degen- 
eration taking place. The animals were supplied with ample 
food, water and a suflicicnt supply of air. Naunyn found that 
the red blood- cells of rabbits and dogs remained intact even at 
a body temperature of 42°. Welch* noticed fatty but no paren- 
chymatous change in the tissues of rabbits after exposure to high 
temperature for at Icast a week. One rabbit which had been 
subjected to high temperature for four days was inoculated 
with the bacilli of the swine plague and died in thirty-six hours 
showing extreme fatty changes in the heart and other organs. 

Ziegler* discovered degenerative changes, both parenchy- 
matous and fatty, on artificially warming rabbits. The exper- 
iment was continued in one case for twenty-nine days. He 
however found a grcat reduction (30 per cent. and more) in the 
quantity of hemoglobin in his rabbits. It may well be a question 
whethcr the fatty change noticed in the liver and muscles was 
not duc to anemia instead of to the hyperthermia. Since fatty 
infiltration is known to be caused by dyspnea, which frequently 
terminates life in fever, one might investigate this subject to see 
whethcr parenchymatous change in fever is not solely due to the 
toxins, and fatty change to the anaerobic cleavage of materials 
in the cells, which always induces fatty infiltration (p. 246). 

As regards the etiology of fever, various attempts have been 

* Litten: ** Virchow's Archiv," 1877, Bd. Ixx, p. 10. 

' Naunyn: "Archiv für ex. Path. und Pharm.,*' 1884, Bd. xvüi, p. 49. 

* Welch: "Medical News," 1888, vol. lii, p. 403. 

* Ziegler: " Kongress für innere Medizin," 1895, Bd. xüi, p. 345. 
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made to identify a Single factor which would cause the high 
temperature. 

Krehl and Mathes' find that human urine during fever con- 
tains an increascd quantity of albumoses which have been shown 
to possess a decidcdly toxic action when intnxluccd into animals. 
KJemperer' denics that these albumoses have any toxic action, 
and asserts that thc 
results were due to 
impurities in prep- 
aration. In othcr 
respects the urine 
has gencrally becn 
found to be of nor- 
mal charactcr. 
Thus Mohr' finds. 
that the relation C 
to N in the urine is 
unchangcd from 
the normal, which 
indicatcs that thcre 
is no qualitative 
change in the char- 
acter of the gcneral 
proteid metabo- 
lism. 

However, thcre 
is a very note- 

worthy record madc by A. R. Mandel* that the rise of tem- 
perature in aseptic or surgical fc^crs is accompanied by a 
large incrcase in the purin bases in thc urine of patients fed with 
milk. The temperature riscs and falls with the quantity of 
purin bases eliminated. Thc uric acid climination is reduced 

' Krchl and Malhes: "Archiv für klinische Medizin," 1895, Bd. liv, p. 501. 
'Klcmpcrer: " Nalurforachervcreammlung," 1903, 3, i\, p. 67. 
' Mohr; "Zeitschrift für klinische Medizin," 11)04, Bd. lii, p. 371. 
* Mandel: "American Journal of Physiology," 1504, vol. i, p. 451. 
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(p. 279). These relations arc ülustrated in Fig. 10, — 3 caseof 
resection of thc knee-joint for tubcrcular arthritis. 

That thc purin bases can be the cause of the rise of temper- 
aturc is indicatcd by the cxperiments of Burian and Schur' who 
found that whcn nuclcoprotcid was administcrcd intrax'enously 
to a d(^, a risc of tcmperature followed. Mandel showcd that a 
subcutaneoTJs injection of forty miUigrams of xanlhin caused 
a markcd risc in thc tcmperature of a monkey, and that the ad- 
ministralion of a streng dccoction of 60 grams of coffcc (con- 
laining trimethyl-xanthin) to a man unused to cofTee drinkmg, 
was foltowed by a febrile tcmperature. This is shown in Fig. 1 1 . 

Anothcr rescarch available in this connection is that of 
von Jacksch,' who noted 
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Ihat the purin bodies in 
the urine of tuberculous 
paticnts may increase 
from a normal equiva- 
lent of 4.4 per cent. of the 
total nitrogen excreted, 
to one reprcsenling 11. 3, 
or even 17.39 per cent. 
Also Benjamin' reports a 
case of typhoid whose 
urine contained the large 
quantity of 0.1 gram of 
purin bases with 0.54 
gram of uric acid. Such 
rcsults indicate abnor- 
mal tissuc destruction, and Mandel bclicvcs that the purin 
bases liberated through thc toxic destruction of tissue would 
have a considcrable efTcct in producing the temperatures 
di SCO VC red. 
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' Burian ami Siliur: " Pflügcr's Archiv," iqoi, Bd. lixxvii, p. i$t). 

' Vun Jacksfh: ■' Zi-itsrhrift für klinische Medizin," iqoi, Bd. »Ivii, p. i 

' Benjamin: "Salkciwski's Fcalsrhrift," 1904, p. 61. 
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It would indeed be a most striking fact if it should be found 
that the cause of thc febrile tcmperature lay in thc effect of purin 
bases on thc heat-rcgulating apparatus of thc mid-brain acting 
through thc vasomotor systcm. Antipyretics do not lowcr body 
temperaturc in thc normal organism in man. Is thcir action 
mcrely to nullify the activity of purin bases upon the nerve 
Centers? Future research alone can decide this. An unpub- 
lished work by Mandel in the writer's laboratory seems to show 
that this is the mode of action in thc case of salicylic acid. Per- 
haps such conjectures are out of place in a book of this sort, 
but they simply emphasize the extraordinary field which lies 
open to the investigator in clinical medicinc. 



CHAPTER XIV. 
PURIN HETABOLISH.-GOUT. 

üric acid was discovered in urinary calculi by Scheele in 
1776, and was found to be present in gouty concretions by Wol- 
laston in 1797. It has since been the subject of investigations 
almost without number, and of thcoretical speculation beyond that 
of any other chemical substance described in mcdical literature. 
The older work concerning the excretion of uric acid is ahnest 
valueless on account of the inadequacy of the chemical methods 
of the times. Accurate determinations of uric acid date from the 
introduction of a new method of analysis by Salkowski in 1882. 

The newer researches are also based on more exact chem- 
ical knowledge of the precursors of uric acid. Much valuable 
information has been gathered as regards the normal method of 
production of uric acid, although it will be seen that on the 
pathological side there is little beyond the conjectural to reward 
the Student. 

Emil Fischer* grouped together uric acid, h]rpoxanthin, 
xanthin, adenin and guanin as bodies whose varying structure 
depended upon slight changes around the chemical nucleus of a 
substance calied purin. Purin, according to Fischer, may 
occur in the body, but on account of its ready decomposability, 
has not been discovered there. 

The relalions between the purin bodies may be judged from 
the following formulae: 

Purin QH^N^ 

Hypoxanthin C^H^N^O 

Xanlhin QH^N.O, 

Uric acid CjH^N^O, 

Adenin QHjN.NH, 

Guanin C^HjN.ONH, 

* Fischer: " Berichte der deutschen chemischen Gesellschaft," 1899, Bd. 
xxxii, p. 435. 
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Hypoxanthin, xanthin, and uric acid are respectively mpno-» 
di-, and tri-oxypurin. Adenin is aminopurin, and guanin is 
aminohypoxanthin. It is evident that uric acid is the most highly 
oxidized product of the series, and might readily arise from the 
oxidation of hypoxanthin and xanthin. It is also apparent that 
by supplanting the NH, group in adenin and guanin by O, they 
would be converted into hypoxanthin and xanthin respectively, 
and that from these substances uric acid might arise through 
further oxidation. 

For greater detail of the chemistry of purins, the reader is 
referred to any text-book on physiological chemistry.* The 
four precursors of uric acid, hypoxanthin, xanthin, adenin, and 
guanin are collectively calied the purin bases. The general 
term, purin bodies, includes uric acid also. 

Since Salomon discovered, in 1880, that purin bases exist 
in the nucleins which are present in the nuclei of cells, a great 
deal of work has been done to explain the chemical nature of 
these nuclear constituents. A summary of the products which 
can be obtained from nucleoproteids is as foUows: 



Nucleoproteid 



Proteid 



Carbohydrate." 



Pentoses, 
Hexoses, 

Glucothionic acid,' 
A non-reducing sub- 

stance which yields 

levulinic add. 




Phosphoric acid. 



ases. 



Adenin, 
Guanin, 
Xanthin, 
Hypoxanthin, 

Thymin, 
Cytosin, 
Uracil, 



Purin bases. 



Pyramidin 
bases. 



. * Consult also Mendel: "The Formation of Uric Acid," Harvey Society 
Lecture, "Journal of the American Mcdical Association," 1906, vol. xlvi, p. 843. 

'Mandel and Levene: "Zeitschrift für physiologische Chemie," 1906, Bd. 
xlvii, p. 151. 
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Kossel and Steudcl * point out the fact that the purin bases 
contain the pyramidin nucleus, and that cytosin, for exam- 
j)le, needs only cyanic acid, CONH, and an atom of oxygen, 
to convcrt it into uric acid. 

They query whcther the pyramidin bascs are precursors or 
metabolizcd products of the purins. 

Horbaczewski' was the first to note that the ingestion of 
nucleins largely increascd the uric acid in the urine. Food free 
from nuclein has not this effect. He also found that if fresh 
spieen pulp, which contains no uncombined purin bases, be 
permitted to putrcfy, xanthin and hypoxanthin made their ap- 
pearance. If now the pulp was shaken in the air, uric acid was 
formed from the oxidation of the bases. 

Spitzer' found that whenair was passed through aqueous 
extracts of spieen and liver digested at 40® and with exclusion 
of putrcfaction, uric acid was produced. The quantity of 
purin bases present dccreased with the increased formation 
of uric acid. Purin bases added to such a digest were converted 
into uric acid, hypoxanthin and xanthin readily and almost 
compictcly, and guanin and adenin with greater difficulty. 
This work established the presence of oxidizing enzymes, the 
xanthin oxidazes, which could act on the purin bases in the or- 
ganism Converting them into uric acid. 

Minkowski^ has shown that if a man be given hypoxanthin, 
the quantity of uric acid increases in his urine. He also showed 
that if a man ingcst thymus gland, the nuclein of which yields 
principally adenin, the amount of uric acid is increased in the 
urine. If the thymus be given to a dog, the uric acid plus 
allantoin climination is increased. Allantoin is an oxidation 
product of uric acid morc frequcntly found in dog's than in 
human urine. Minkowski discovered fmally that adenin, when 
administcrcd to a dog, did not increase the uric acid elimination, 

' Kosscl and Steudcl: "Zeitschrift für Physiologie," 1903, Bd. xxxviii, p. 49. 

' Horbaczewski : "Sitzungsberichte der Wiener Academie der Wissen- 
schaft," i8<;i, Bd. c, Ablh. iii, p. 13. 

'Spitzer: "Pflüger's Archiv," i8<>q, Bd. Ixxvi, p. 192. 

* Minkowski: "Archiv für ex. Path. und Pharm.," 1898, Bd. xli, p. 375. 
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and was not excreted as such, but on autopsy of the dog the 
uriniferous lubules were found to contain crystals the chemical 
stnicture of which showed them to be aminodioxypurin. In 
other words, adenin administered combincd in nucleic acid 
loses its amino (NHj) group, receives three atoms of oxgyen, 
and is thereby converted into uric acid; adenin administered as 
such receives two atoms of oxygen but does not lose its NH, 
group at the point for tlje attachment of the third atom of oxygen. 
This work attests a varying beha\'ior of purin bodies in accord- 
ance with their method of chemical union with other substances, 
and oiiers a suggestive kcy to certain rclations observed in gout 
(p. 284). When theophyllin, caffcin, and theobromin, the 
methylated purins found in tea, coffee, and cocoa, are ingested 
they are not oxidizcd to uric acid, but they increase the purin 
bases in the urine.' 

The original investigations of Horbaczewski have recently 
been considerably extended by Schittenhelm and by Walter 
Jones, especially in regard to their explanation along lines of 
enzymotic activity. 

Jones and Partridge' find that although the great majority 
of the Organs of the body, when self-digestcd at 40° (autolysis), 
convert guanin and adenin into xanthin and hj'poxanthin, 
presumably through ihe action of enzymes, extracts of the spieen 
of the pig cannot convert guanin into xanthin, although they 
can convert adenin into hypoxanlhin. Jones ihcrefore con- 
dudes that an enzyme, guanase, which normally removes the 
NHj group and replaces it with O, is wanting in the pig's 
spieen, while adenase, the enzyme acting on adenin in a similar 
fashion, is present there. Such a reaction would read: 



Investigating the subject further, the authors found that the 

' Krüger and Schmid; "Zeitschrifl für physiologische Chemie," 1901, Bd. 
also Levcne: "Amer- 
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pancreas contained thc enzyme, guanase, which converts guanin 
into xanthin. 

Sir Lauder Bninton* says that Stockvis, of Amsterdam, in 
1860, found that crushed tissue had the power to destroy uric 
acid. This qucstion has recently come into prominence and 
it has been showTi that different organs have different powers 
in this regard, and that the same organ in animals of different 
species may behave quite differently. 

Ascoli ' found that crushed dog's liver had the power to de- 
stroy uric acid. 

Wiener' showed that dog's liver and pig's liver destroyed uric 
acid, whereas calf's liver had less power to do so, or none at all. 
The kidney pulp of various animals also destroyed uric acid. 

Schittcnhelm* finds that in cattle the spieen, lungs, liver, 
intestinc and kidney have the power of Converting purin bases 
into uric acid in the presence of a constant oxygen supply. 
He finds a complete transformation of adenin, as follows: 
adenin, hypoxanthin, xanthin, uric acid. Guanin in like man- 
ner becomcs xanthin and this again is convertcd into uric acid. 
He finds also that extracts of the spieen, intestines and lungs 
have no power to destroy uric acid as formed ^^ithin them, but 
that the kidney, muscie, and liver extracts possess the power to 
destroy the ncw-formed uric acid. 

Schittcnhelm*^ in another paper finds that kidney extracts 
from cattle, through which oxygen is passed, may completely 
destroy uric acid through a uricolytic enzyme. 

It has been shown by Pfeiffer* that the pulps of human 
kidneys and pigs' kidneys have the power to destroy uric acid 
completely, while dogs' kidneys have only a limited capacity 
in this regard. 

• Lauder Brunton: " Centralblatt für Physiologie," 1905, Bd. xix, p. 5. 
» Ascoli: "Pflüger*s Archiv," 1898, Bd. Ixxii, p. 340. 

' Wiener: "Archiv für ex. Path. und Pharm.," 1899, Bd. xlii, p. 375. 
*Schittenhelm: "Zeitschrift für physiologische Chemie," 1905, Bd. xlv, 

P- 145- 

• Schittenhelm : Ibid.y 1905, Bd. xlv, p. 161. 

• Pfeiffer: "Hofmeister's Beiträge," 1905, Bd. vii, p. 463. 
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Almagia' fmds that in the horsc the greatcst power of uric 
acid dcsiruction is possessed by the liver, and ihen follow in 
order of diminishing activity the kidney, lymphatic glands, 
leukocytes, musclcs, bone-marrow, spieen, and thyroid. In 
other Organs, like the brain and the pancreas, the conditions are 
such as indicate a non-destruction of uric acid, which is produced 
by the oxidation of purin bases within them. Whcnevcr uric 
acid was destroyed in the above experiments, Abnagia found 
that glyoxylic acid (HOOC-CHO) was always present in the 
exlract, 

Summarizing these resulls it may bc said that nuclein may 
be broken up by nuclease, a fcrmcnt found in all tissuc. On 
the libcration of the purin bases, guanin and adenin are denitro- 
genized by guanase and adenase whcrever thcse enzymes are 
found. Oxidizing enzymes, Ihe xanthin oxidazcs, now convert 
hypoxanthin and xanthin into uric acid, while a uricolytic fer- 
ment of varying polency in diffcrent tissues and in different 
anünals may break up and destroy the uric acid. That pro- 
cesses akin to these go on within the living organs of the body is 
now generally beüeved, and the following animal experiments 
tcnd to confirm this doctrine, although it will become evident 
that the uricolytic power of kidney extracts, so frequently men- 
tioned above, appcars to be entirely overshadowcd in the living 
kidney by the function of uric acid elimination. 

It bas alrcady been stalcd ihat the ingestion of hypoxanthin 
by a man increascd the uric acid output in the urinc. It has 
long been known that if uric acid be givcn per os, or subcuta- 
neously, it may in greater part bc convertc-d into urca, and in 
part eliminated in the urinc. The quantity eliminated varies 
in different animals. Salkowski* (inds that uric acid givcn to 
dogs is mostly eliminated as urea, although 17.7 per ccnt, 
appears in the urine in the form of allanloin. Whcn uric acid 
is given to rabbits the urine contains urea, allanloin and some 

'Almagia: "Hofmeisler's Beilräge," 1905, Bd. >fii. p. 459. 
'SalkowaM: "Zeitschrift für physiologische Chemie," 1901, Bd. xxxr, 
P- 49S- 
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uric acid. Mendel and White ^ found that allantoin was elimi- 
nated in the urine of cats and dogs after intravenous injection 
of urates. It is thus apparent that uric acid is readily destroyed 
in these animals and only a small quantity of a first oxidation 
product, allantoin, appears in the urine. Allantoin is not nor- 
mally found in human urine. Glyox>'lic acid, which has al- 
ready been mentioned as constantly found when uric acid is 
destroyed in autolyzing tissue, is a substance which may be 
produced by treating allantoin with alkali. It has also been 
found in the urine of rabbits after intraperitoneal injection of 
from 2 to 5 grams of uric acid, and it has been detected in the 
urine of a gouty patient.' 

Schittenhelm and Bendix" have injected rabbits subcuta- 
neously and intravenously with guanin, and have found uric acid 
in greatly increased quantity in the urine, together with xanthin, 
which is normally abscnt in rabbits. The experiment indicates 
the mctabolism of guanin intra-vitam^ according to processes 
already obscrvcd in vitreo. If an Eck fistula, which excludes 
the portal blood from the liver, be made in a dog, uric acid ap- 
pears in considerable quantity in the urine, which indicates 
that uric acid is normally oxidized in the dog's liver.* 

Burian and Schur,*^ after careful perusal of the literature 
and of their owti work, came to the conclusion that each variety 
of animal had a specific capacity for buming purin bodies 
ingested. Thcy found a constant elimination in dog's urine 
of one-twentieth part of the purins ingested, one-sixth part in the 
case of rabbits, and one-half in the case of man. They describe 
how Minkowski, after giving a man h)q)oxanthin, saw that 
48.6 per ccnt. of it was eliminated as uric acid; how Burian 

* Mendel and White: "American Journal of Physiology," 1904, vol. xii, 
p. 85. 

' Almagia: Loc. eil. 

* Schillcnhelm and Bendix: "Zeitschrift für physiologische Chemie," 1905, 
Bd. xliii, p. 365. 

* Hahn, Massen, Ncncki, and Pawlow: "Archiv für ex. Path. und Pharm.," 
1893, Bd. xxxii, p. 191. 

* Burian and Schur: "Pflügcr's Archiv," 1901, Bd. Ixxxvii, p. 239. 
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repeated the experiment with the result that 46.2 per cent. 
appeared as uric acid; how the subject of the last experiment 
elirainated 51. i and 53.8 per cent, of the purins contained m a 
meat diet, and 52.6 and 52.9 per cent. of thosc contained 
respectively in calf s liver and calf's spieen. Thercforc, Bunan 
and Schur multipUed the purin excretion of a man by two and 
of a dog by t^vcnly in ordcr to determinc the total purin metab- 
olism. They called these numbers the integral jactors of purin 
excretion. The cause of the size of the integral factor will be 
discussed later. 

It has bcen made clear that the purin bodies may be derived 
from ingcstcd nucleins, but this cannot be the only source, 
sincc purins are found in the urine during starvation and on 
a diet free from purins. This indicates a constant production 
of thcsc substances in metabolism, it has becn thought, through 
the dcstruction of cell nuclei. Uric acid and purin bases from 
this source have been termed endogenous by Burian and Schur, 
in contradistinction to those whjch are eliminatcd after the 
Ingestion of nuclein-containing food which are called exagenous. 

Burian and Schur ' also estabUshed the fact that while the 
endogenous uric acid elimination varied betwecn 0.3 and 0.6 
grams daily, according to the individual, it did not vary in the 
same individual but was a constant factor of his metabolism. 

A purin-free diet is obtained by giving such articles of food 
as milk, eggs, bread, potatoes, fats, and sugars, none of which 
contain nuclcar material which forms exogenous purins in the 
body. Burian and Schur found that on such a diet the uric 
acid elimination was enlirely indcpendcnt of the quantity of 
proteid ingested. It has been demonstrated by Rockwood ' 
that the endogenous uric acid elimination is independent of the 
calorific value of the diet. Addition of 500 calories contained 
in maple sugar to a diet containing 2500 calories did not affect 
the excretion of uric acid. Rockwood's experiments extcnded 
over a long period of time. His individuals wcre nourished on 

' Burian and Schur: Lac. eil. 

' RockwcMd: "American Journal of Physiology," 1904, vol. xü, p. 38. 
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milk, eggs, white bread, Crackers, cheese, apples, and butter. 
The constancy of the uric acid output in the same individual is 
Seen in the following table, — in one case the record covering 
nearly aycar: 

TABLE SHOWING THE CONSTANXY OF THE DAILY ENDOG- 
ENOUS URIC ACID EXCRETION IN THE SAME INDIVIDUAL 
(TWO SUBJECTS). 

Peison, A. D ATE, 1903. XiN Ukine, GiAMS. Uric Acid, GsAifs. 

Januan* 11 .99 0.308 

Fcbruary 1 1 58 ^^-S^S 

March ii-i5 o-3'5 

May 1 2.63 0.321 

July 12.68 0.313 

Novcml)er 9.99 0.298 

Pe»son, B. Januan- 13.41 0.478 

March ^3-9^ 0.452 

This total shows the constancy of the output of endogenous 
uric acid in the same indi\'idual during a long period. Here 
the dififercncc in the behavior of two individuals might possibly 
be ascribed to a personal idiosyncrasy as regards the uricolytic 
power of the subject, or to a diflFerence in the capacity of pro- 
ducing uric acid. From the record of Chittenden's * experiments, 
which covcred a period of twenty-one months, it may be ob- 
served that a very low protcid diet and moderate intake of food 
were without effect on the output of uric acid. 

Burian and Schur' have made a series of experiments as 
regards the cause of the "integral factor*' of purin metabolism, 
which has aircady bccn defmed. They find that a part of the 
endogenous purins are bumed in metabolism, for the uric acid 
elimination in the dog riscs largcly after cutting the liver from 
the circulation by means of an Eck fistula. They note that no 
one has been able to find uric acid in normal blood. They 
desired to see if uric acid would accumulate in the blood if the 
kidneys were both extirpated. No such result foUowed nephrec- 
tomy in a dog. The purin bodies were apparently completely 
bumed. They then extirpated the kidneys and ligated the 

* Chittenden: " Physiological Economy in Nutrition," 1904, p. 24. 
' Burian and Schur: Loc. cU. 
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aorta at a point Just above the celiac artery. The Operation cut 
off the liver and intestme from the circulation. Under thcse 
circumstances uric acid accumulated in the blood because its 
destruction was not accomplished by the liver. The qucslion 
arises; If ihc normal organism can complctely dcstroy all 
purins, why should a definite fraclion bc continually climinated 
in the urine? Burian and Schur belicvc that endogenous 
purins, formed in the tissues, are oxidized ihercin to uric acid, and 
in so far as this substance is carried to such organs as the liver, 
it is destroyed, but in so far as it passes through the renal 
arteries, it is reraoved by the kidney. In confirmation of this 
they show that a diurelic which increases ihc blood-flow to the 
kidney likewise increases the uric acid elimination, without 
affecting the other nitrogen constituents of the urine. Possibly 
the fall in uric acid elimination noted by Mandel in aseptic 
fever (p. 367, Fig. 10) may be simitarly due to a constriction 
of the renal vessels which always accompanies fever. 

Burian and Schur conclude that of the mass of blood which 
receives uric acid from the tissues in man, the same amount 
flows through the organs which destroy uric acid as flows 
through ihc- kidney, and hcncc the integral factor of two. On 
the other hand, the relation between the volume of kidney 
blood and the volume of blood passing through the organs 
which destroy uric acid in dogs, must be as i :2o in ordcr to 
explain the integral factor twenty. At first sight this does not 
explain why exogenous purins, which must pass from the 
in testine to the dog's liver, should cscapc completc destruction 
in that organ. Burian and Schur, howcvcr, have shown that 
whereas uric acid given per os is almost completely destroyed 
in the dog, the purin bascs or nuclein digestive products con- 
taining them apparently pass through the liver to be oxidized 
to uric acid elsewhere. 

The liver has the power of oxidizing uric acid but not the 
bases. Hence the behavior of exogenous purins must be 
exaclly the same as if they arose in the general metabolism 
of Ihe tissues themselves and were oxidized to uric acid, which 
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was then carried in definite fractions, in accordance with the 
relative volume of the blood supply, either to the kidney for 
elimination or to the organs where uric acid is destroyed. 

This explanation of the cause of the integral factor would 
explain the results of Loewi/ which showed that the ingestion 
of the same amount of nuclein-containing food by different 
people resulted in the excretion of the same increased quantity 
of uric acid in the urine. 

The source of the endogcnous purins has been the cause of 
considerable speculation. In birds there is a large synthetic pro- 
duction of uric acid in the liver, for Minkowski ' has shown that 
extirpation of the liver in geese leads to a replacement of uric 
acid by ammonia and lactic acid in the urine. 

Wiener ' has suggested that there is a synthetic fonnation of 
uric acid in the mammalian organism from urea and tatronic 
acid according to the following formulae: 



NH, 

CO 

1 


+ 


COOH 

CHOH 

1 


. 


HN— CO 

OC CHOH + aHjO 


HN, 
Urea. 




COOH 

Tatronic Acid. 




HN— CO 

Dialuric Add. 


HN — 

oci 

1 

HN — 


CO 

CHOH 

1 
CO 


NH, 

+ CO - 

1 
NH, 


HN 

OC 

1 
HN 


CO 

C — NH 

II >CO + 2 H,0 
— C — NH 

Uric Add. 



Burian,* however, has demolished this theory by showing 
that although tissue extracts when digested with either tatronic 
or dialuric acid oxidize xanthin to uric acid more readily than 
without thcm, still there is absolutely no formation of uric acid 
except from purin Compounds prescnt. 

Ingestion of pyramidin bases (p. 272) has also failed to 
yield purins in the organism.*^ 

* Loewi: "Archiv für ex. Path. und Pharm.," 1900, Bd. xliv, p. i. 
'Minkowski: Ibid.^ 1886, Bd. xxi, p. 41. 

* Wiener: " Hofmeister* s Beiträge," 1902, Bd. ii, p. 42. 

* Bunan: "Zeitschrift für physiologische Chemie," 1905, Bd. xliii, p. 526. 

* Steudel: Ibid.^ 1903, Bd. xxxix, p. 136. 
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Burian ' has investigated the source of the endogenous purins 
and comes to the conclusion that only a small part of the en- 
dogenous uric acid arises from the nucleo-proteids of ccllular 
tissue or those of dead leukocytcs. It would require too large 
a dcstniction of tissue to provide from 0.3 to 0.6 gram uric 
acid or o.i to 0.2 gram purin nitrogcn daily in the urine if it 
all arose from cell nuclcin. 

Burian and Schur's' analyses, showing the content of purin 
nitrogen in various tissues, is given bclow: 

TABLE SHOWING THE QUANTITY OF PURIN N CONTAINED IN 
100 GRAMS OF DIFFERENT ANIMAL TISSUES. 

Total Pcim N. Nu) Flu PnuM Basu. 

Meat 0,06 "■'MS 

Thymus 0.45 0.05 

CairsUver 0.12 0.033 

CalCs Spleen 0.16 0.046 

To obtain the amount of endogenous uric acid present in the 
urine, if it were produced by the destruction of nucleo-proteids, 
it would be necessary to completely destroy nuclein to the extent 
of that contained in more than 100 grams of livcr. It does not 
seem possible that nuclein destruction or nuclein metabolism 
could rcach this extent. 

The experiments of Burian* consisted in perfusing dog's 
muscles with blood free from uric acid. He noticed that aftcr 
the perfusion of such blood through the muscles, uric acid was 
constantly found in it. If the muscle was caused to contract 
during the perfusion, a very considerable increase in the quan- 
tity of the purin bases was found in the btood and there was an 
increase in the quantity of thesc bases found in the muscles 
themselves. 

Burian concludes that in the resting muscle there is a con- 

stant production of hypoxanthin which is converted into uric 

acid ttirough the activity of the xanthin oxidase. In the activc 

muscle there is a greater production of hj-poxanthin which is 

not completely oxidized on accotmt of a local oxygen deficicncy. 

' Burian: "Pfluger's Archiv," icjo;, Bd. xliii, p. 533. 

' Burian and Schur: Ibid., 1900, Bd. Ixxx, p. 30S. 

^^H 'Burian: Lm. eil. 
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It had been found by many previous observers that cxercise 
has no effect on thc purin excretion in the urine of twenty-four 
hours in man. Burian, however, finds a large increase in the 
purin elimination for an hour of two after severe muscular 
exercise, and this is followed by a compensatory reduction in 
the Output during those subsequent hours which represent the 
interval of weariness in the muscie. 

These obsen^ations were confirmed by the work of Rockwood,' 
who saw that the purin excretion was less during the night than 
during the day, and by the work of Pfeil,' who found a constant 
moming rise in the output of purins in human urine. 

These facts confirm Burian's contcntion that the most 
gencral source of cndogenous purins is a constant production 
of hypoxanthin in muscie, a production which varies with the 
individual and is possibly proportional to the mass of his mus- 
culature. Comparablc to this is the constant production of 
creatin (p. 118). H\'])oxanthin is oxidized to uric acid in the 
muscie, and uric acid, if carried to the liver, which is certainly 
thc principal organ for its destruction, may there be oxidized. 
Such of the purin bases as escape oxidation may be excreted 
by the blood flowing through the kidney, even as uric acid is 
excreted undcr the same circumstances. 

Just as the whole trouble in diabetes tums upon the in- 
ability of the organism to destroy sugar, so the Symptoms mani- 
fested in gout are dependent upon the deposit of acid urate of 
sodium in certain localities. One of the earliest descriptions of 
gout comes from Sydenham, who sufTered for forty years from 
the disease and published an extended account of it in 1683. 
It was Garrod' who first established the fact that uric acid was 
present in the blood of gouty persons. He believed that this 
excess of urate was the cause of gout, the excess being 
deposited from the blood in the joints in the form of crystals. 
The problem of metabolism in gout is a problem of the fac- 

* Rockwood: Loc. cit. 

'Pfeil: "Zeitschrift für physiologische Chemie," 1904, Bd. xl, p. i. 

* Garrod: "The Nature and Treatment of Gout," 1859. 
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tors entering into the cause of this deposit of urate. The 
gencral mctabolism, exclusive of the purin factor, is exactly the 
samc as in hcalth. Magnus-Levy' proved that ihc oxygen 
absorplion and carbon dioxid climination is the same in gout as 
in heallh. The cause of ihe trouble musi be sought elscwhere 
than in a rcduced gencral oxidation power of the tissues. 

Clinical cxpcrience teaches that the predisposing causcs are 
escessive eating, litlic muscular excrcise, the abuse of alcoholic 
beverages, and Icad-poisoning. 

Beebe' has administcred alcohol in various fonns to a nonnal 
individual. He tinds that evcn large doses have no effect on the 
hourly excretion of uric acid in a fasting man. The endogenous 
purin metaboÜsm is thercfore unchanged by the ingestion of 
alcohol. It is importanl to know that alcohol is apparently 
wilhout effect upon such pari of the purins as may be directly 
dcrived from cell raetabolism. On the olher hand, whcn 
alcohol is given with nucicin-containing food, the uric acid 
ehmination rises markedly. It was found that port wine was 
more potent in this regard than a largcr quantity of alcohol 
taken in a purer form. The addition of 350 c.c. of port wine 
on two successive days to a mixcd dict which had becn constantly 
maintained for sevcral days, caused a risc in uric acid elimi- 
nalion from 0,5 gram to 0.7 gram on the first day of port wine 
ingestion, antl to 0.8 gram on the second day, while the fol- 
lowing alcohol-free day showed an eUmination of only 0.55 
gram, Beebc ascribed this action to a reduction of uricolytic 
power in the liver, 

Minkowski,* with a master hand, summarizes modern 
knowledgc conceming gout as follows: 

I. The deposit of urate in the tissues is the first evidence 
of the formation of the specific gouly nodules, These tissues 
are not necrotic, as taught by Ebstein. 

' Magnus-Levy: "Berliner klinisrhc Wochenschritt," 1896, No. lii, 
' Beebe: "American Journal of Phvsiology," 1904, voL xii, p. 13. 
'Minkowski: von Lcyden's "Handbuch der Emähningsthenpie," 1904, 
Bd. ü, p. 177- 
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2. The tissue changes in the vicinity of thc gouty nodules 
are in part due to mechanical, in part to chemical or osmotic 
action, caused by the precipitated urates. 

3. The acute inflammation in gout, as observed during the 
attack, IS produced in the vicinity of the urate deposits through 
some unknown cause. Traumatic, toxic, or infectious elements 
appear to be collectively active in this regard. The attack 
probably constitutes the reaction of the organism to rid itself 
of uric acid, an effect which is only partly realized. 

4. An accumulation of uric acid in the blood is a constant 
accompanimcnt of gout. 

5. The increased quantity of uric acid in the blood must not 
be considcred as the cause of the prccipitation of urates in the 
gouty nodules. There must be certain local influences which 
favor the deposit of urates; for Klemperer has shown that the 
blood of gouty paticnts may dissolve much more uric acid than 
is actually prcsent in it; and again, the blood in leukemia may 
contain as much uric acid as in gout, without there being any 
indication of a deposit of urate. 

6. The uric acid elimination is the same in the gouty as in 
the normal person, except at the time of the attack. Before 
the attack there is retcntion, but during and after the attack 
an increased excretion of uric acid in the urine. 

7. The accumulation of uric acid in the blood is not due to 
a diminished oxidation of uric acid, but rather to a diminution 
in the quantity excreted in the urine. 

8. It is not certain that the Icssened excretion of uric acid 
is due to a disturbance of renal function. Very likely it depends 
upon the prcsence of uric acid in some abnormal chemical 
Union. This abnormal substance may be with difficulty elimi- 
nated in the urine, but may Icnd itself readily to the formation 
of tophi (p. 273). 

9. The ultimate cause of the unusual behavior of uric acid 
in gout is probably an abnormal metabolism within the nuclei 
of the cells, where the nucleic acid content is the means of solu- 
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tion and conveyance not only of ihe purin bases but also of 
uric acid, 

The opinions nf other modern workers vary somewhat from 
those of Minkowski, as appears in the following: 

Almagia,' in Hofmeister's laboralory, has pcrformed some 
interesting experiments and concludcs that the older view of 
Garrod is correct,— that is, that an excess of urates in the blood 
IS the cause of gout. Almagia finds that thin slripsof cartilage 
suspendcd in dilutc neutral Solutions of sodium urate absorb 
the salt, do not dcstroy it, but cause it to be depositcd in fine 
crystals wilhin the cartilage. He furthermore injected five to 
scven grams of uric acid into the peritoneal cavity of rabbits, 
a dose which usually kjlled thcm. On tcsting the livcr, spieen, 
muscles and lungs with the murcxid test for uric acid, negative 
results were obtaincd, whcreas cartilage gavc a positive reactton 
indicating the presence of urates. Almagia concludes that 
the deposit of urates in the cartilage of a gouty patient is but 
the result of a temporary or permanent increase in the uric acid 
content of the blood. 

The work of Soctbeer' is of the best modern character, and 
it confirms the older view of Garrod that the cause of gout is a 
retention of uric acid. Soetbeer compared the excretion of 
uric acid by gouty people during three-hour inten^als with ihal 
of normal individuals, as obscrvcd by Pfeil (p. 282). In one 
case of long Standing gout, of light character and with long 
intervals betwecn the attacks, there was httle Variation from 
the normal in the uric acid excretion. In anothcr case of gout, 
a patient who was examined belween the attacks showed no 
increase in uric acid output after changing from a purin-frec 
diet to one containing 320 grams of meat, and showed only a 
slight increase in elimination after 640 grams of racat were 
given. These results were obtained six wceks after the last 
attack and at a time whcn the patient was cntirely free from pain. 
In still another case 350 grams of meat were given during the 

' Almapa; " Hofmcisict's Beitiüge." i(>05, Bd. vii, p, 466. 

•SoMbeet: "Zeitschrifl für physiologische Chemie," 1904, Bd, xl, p. 54. 
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attack to a gouty patient who had no fever and whose urine was 
free from albumin and sugar. The results were as follows: 

Ukic Acid 
IN Graus. 

Diet free from purins 0.276 

Diet free from purins 0.328 

Diet + 350 grams meat 0.316 

" " " " 0.270 

" " " " 0.255 

In Ihis expcriment even during the days of purin-free diet 
there was no "moming rise" noted as a normal incident by 
Pfeil. The hourly uric acid cxcretion was very even. The 
kidney was apparently removing uric acid up to the limit of its 
capacity. This work rcndcrs it probable that uric acid retention 
is the cause of gout. 

Von Noorden and Schlicp* suggest that gouty patients be 
testcd for their **tolerance" for purin bodies just as diabetics 
arc testcd for thcir tolcrance for carbohydratcs. Four hundred 
grams of mcat contain 0.24 gram of purin nitrogcn, of which in 
the normal pcrson one-half is oxidizcd and one-half climinated 
in the urine — 0.24 gram N = 0.72 gram uric acid. A 
patient was put on a purin-free diet; was given 400 grams of 
meat, thcn put on a purin-free diet again, and afterwards was 
testcd with 200 grams of mcat. The results were as follows: 

Uric Acid 
Day. Diet. in Grams. 

4 Purin-free 0.462 

5 " " -H40og. meat 0.522 

6 " " 4- 400 g. mcat 0.544 

7 " " 0.539 

8 " " 0.528 

9 " " 0.458 

10 " " -}- 200 g. mcat 0.549 

II " " -f- 200 g. meat 0.655 

12 " '* 0.647 

13 *' " 0-499 

14 0-433 

The authors conclude that while the increased uric acid 
Output after giving 400 grams of meat is not what it would be 

*Von Noorden and Schliep: "Berliner klinische Wochenschrift," 1905, 
Bd. zlii, p. 1297. 
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normally, yet after giving 200 grams ihe quantity of additional 
uric acid (which should amount to 0.18 gram) is fully elimi- 
nalcd. Hcncc this patient had a tolerance for the purins in 200 
grams of tneat. 

Dietetic rules for gouty sufferers are intended to combat 
the fundamental anomalics of the metabolism. The organism 
must not be overloaded with uric acid. Minkowski's rules' 
for treatment of gout may bc thus abstractcd: Sweetbreads, 
livcr, and kidney are to be rigidly cxcluded from the diet. 
Meat is to be taken in moderation orly. Wine should be taken 
sparingly or not at all, and beer rigidly cxcluded on account of 
the nuclein in yeast. Cathartics may be given to rid the intes- 
line of purin bodies cxcreled into the intestinal canal, and 
waler drinking, which promoics a larger flow of urine and 
incrcased uric acid elimination, is strongly to be commended. 
The diet for a gouty paticnt should contain cach day ioo or 
120 grams of protcid, 80 or 100 grams of fat, and 250 or 300 
grams of carbohydrates (2200 to 2600 calorics). This should 
not include more than from 200 to 250 grams of mcat per day. 
Indigcstiblc cakes, pies, rieh foods and heavy salads should be 
forbidden. Moderation and self-control are the watchwords 
for the gouty suffeicr. 

It is impossiblc to incrcase the oxidation of uric acid, and 
no treatment now known incrcascs its solubility. Minkowski 
hopes ihat some organic Compound may be discovered which 
will accomphsh this purpose. He believcs the rclief given by 
preparations of the salicylate group is affordcd only through 
their stopping pain and promoting Perspiration. 

Bearing the facts of the above discussion in mind, the 
reader will comprehend that present day doctrincs conccming 
metabolism in gout may shortly become entircly obsolete 
through new and far-reaching discoveries. 

'Minkowski: "Deutsche mcdidnisthe Wothcnschrift," 1905, Bd. xzxi, 




CHAPTER XV. 
THEORIES OF METABOLISn AND GENERAL REVIEW. 

There has been a difiference of opinion as to whether the food 
substances must first become vital integere of the living cell, or 
whether the non-living food materials are metabolized without 
ever becoming a constituent part of the living protoplasm. 

Pflüger hcld the former view, — that incorporation of nutri- 
tive matter with the living substance is essential to its metab- 
olism. He conceived that living proteid may contain the labile 
cyanogcn group in contrast with dead proteid which contains 
the amino group. He illustrated this by Wöhler's classic 
experiment of the easy convereion of ammonium cyanate into 
Urea: 

NH.OCN - (HN,)3CO 

Voit's theory was that the living proteid is comparatively 
stablc and that food proteid which becomes the circulating pro- 
teid of the blood is carried to the cells and promptly metabolized. 
The other foodstuffs are also bumed without firet entering into 
the composition of the cell. 

A mass of living cells composing the substance of a warm- 
bloodcd animal has the same requirement of energy as any 
similar mass of living cells composing the substance of any other 
animal of the same size and shape. The reason for the metab- 
olism lies in unknown causes within the cells. Liebig conceived 
the cause to be due to the swinging motion of the small con- 
stituent particles of the cells themselves. If this hypothesis be 
accepted the vibrations of the cells may be assumed to shatter 
the proteid molecule into fragments consisting of amino bodies, 
and to break down fat and sugar into substances of a lower 

Order than themselves. 
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The uniformity of the energy requirement is illustrated by 
the fact that the number of calories given off during the twenty- 
four hours by one Square meter of surface, in various animals 
and in man in the condition of starvation, is the samc. 

Even in pathological conditions a remarkable constancy of 
total heat production is apparcnt. Thus, in such typical dis- 
turbances as anemia, diabetes, gout and obesity, the general 
laws governing the output of carbon dioxid, the absorption of 
oxygen and the production of heat, are found to be the same as 
in heahh. In fever the metabolism and heat production in- 
crease and this to a large extent on account of the warming of 
the cells. In exophthalmic goiter there is probably an increase 
in metabolism, due to the Stimulus of an excessive production 
of iodothyrin in the thyroid gland, while in myxedema the 
absence of the same substance causes a considerable reduc- 
tion in the metabolism. Drugs may influence the coursc of 
metabolism, iodothyrin increasing it and morphin profoundly 
diminishing it, but on the whole the most striking fact is 
not the variability, but rather the uniformity, of the processes 
conccmed. 

Within recent years the work of Kossei, Fischer, Hofmeister, 
Osbome and Levene has given a more definite conception of the 
composition of proteid than was before possible. There is every 
indication that the proteid molecule consists fundamentally of 
groups of amino fatty acids banded together. Proteids vary 
with the integral components of their chcmical chains. It has 
long been known that the end products of tryptic digestion 
include such substances, but Kutscher first showed that con- 
tinued tryptic digestion resulted in the almost complete trans- 
formation of proteid into these amino acids. Cohnheim 
discovered erepsin, an enzyme derived from the intestinal wall, 
which rapidly converts albumoses into these substances. 

On chemical analysis, using methods devcloped in Emil 
Fischer's laboratory, the cleavage products of various proteids 
appear distributed as shown in the foUowing table,' in which 

'Abderhalden, E.: "Zeitschr. f. physiol. Chem.," 1905, Bd. xliv, p. 17. 
19 
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the figurcs givcn for globin represent the recovery of 70 per 
ccnt. of the constituents of its moleculc: 



COMPOSITION OF PROTEID. 



Caskin. Gelatik. Elastin. 



GlycocoU .0 

Alanin o.q 

Lcucin 10.5 

I*vrn)li(lin carlK)xvlic arid. z.i 

Phcnvlalanin ^.2 

(llutamic aiid..^ 10.7 

Aspartic ai id 1.2 

C'vstin 0.065 

St-rin 0.2^ 

O.xy a-pyrrolidin carlx)xylic, 

acid ' 0.25 

Tyn)sin 4.5 

Aminovali-rianic arid i.o 

Lysin 5. So 

Ilistidin 1 2.50 

Arginin 4. 84 

Tryptophan ' 1.5 



16.5 
0.8 
2.1 

51 

0.4 

0.88 

0.56 

.0 



3-0 
.0 

1.0 

2.75 
7.O2 

0.40 

.0 



2575 
0.58 

21.38 

1.74 

3-89 
0.76 

1.0 



0.34 



03 



Globik 

ntOM 

Hemo- 

CLOBIN. 



.0 

4.1g 
29.04 

2-34 

4.24 

1-73 

4-43 
0.31 

0.56 

1.04 
1-33 

4.28 
lo.qo 

542 



Edestix. 



3-8 
3-6 

20.9 

1-7 
2.4 

6.3 

4.5 
0.25 

2.0 
213 

2.0 

1.0 

11.7 



* Prcscnt. 



Proteid metabolism in plants and animals occurs in striking 
similarity to the changes brought about by cnzymes and hy- 
drolytic agents acting on proteid oustide of the tissues. Thus 
in the gcrminating secd Schultzc* finds that asparagin, leucin, 
tyrosin, histidin, arginin and lysin arise from the metabolism 
of proteid. The occurrence of leucin and tyrosin in the liver 
and urinc in such a diseased condition as phosphorus-poisoning 
has long becn known, and Abderhalden and Bergell ' report the 
prcscncc of glycocoll in rabbit's urine after the administration of 
phosphorus. Urine after phosphorus-poisoning may also con- 
tain Phenylalanin and arginin.' Wakeman * finds an altered 
quantitative relationship between histidin, arginin, and lysin 

' Schultzc and Castcro: "Zeitschr. f. physiol. Chemie," 1904, Bd. xliv,p. 455. 

* Abderhalden and Bergell: /6irf., 1903, Bd. xxxix, p. 464. 
'Wolgemulh: Ibid.^ 1905» Bd. xliv, p. 74. 

* Wakeman: Ibid., p. 333. 
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in the composition of liver substance after phosphorus-poison- 
ing, arginin in particular bcing reduced below the quantity found 
in the liver of the normal dog. This possibly suggests a ready 
destruction of certain cell proteids rieh in arginin which may be 
essential to vitality. 

All forms of proteid decomposition foUow, therefore, the 
pathway of cleavage into amino acids. 

The life history of many of these substances has already 
been set forth in the preceding chapters, and it is here un- 
necessary to recapitulate. 

The question arises, To what exten t may the amino bodies 
formed within the intestine be regenerated into proteid ? It is 
believed that the cells of the intestinal villus regenerate fat from 
fatty acid and glycerin, since neutral fat alone is found in the 
thoracic duct. But all the starch fcd is not regenerated into 
starch, nor is maitose regenerated into maitose in the body. 
Much may be bumed as dextrose and only a part is transformed 
into glycogen. Long ago Schultzen and Nencki' stated that 
a certain amount of amino bodies formed in digestive proteolysis 
was absorbed and bumed, and that the absorbed proteid itself 
foUowed the lines of an enzymotic cleavage into amino bodies. 
In the light of newer knowledge several authorities have recently 
elaborated theories along similar lines. It has been pointed out 
by Polin ^ that there is little evidence of recontruction of all the 
proteid ingested. He cites the experiments of Nencki and 
Zaleski,' which showed that the portal blood during digestion 
contains four times as much ammonia as arterial blood, and that 
the mucosa of both stomach and intestine yield large quantities 
of ammonia. The inference is that the ammonia of the portal 
vein is derived from ammonia produced in the mucosa as well as 
from that which normally originates in the intestine during 
tryptic proteolysis. 

' Schultzen and Nencki: " 2Leitschrif t für Biologie," 1872, Bd. viii, p. 124. 
* Folin: "American Journal of Physiology," 1905, vol. xiii, p. 117. 
'Nencki and Zaleski: " Zeilschrift für physiologische Chemie" 1901, Bd. 
xxxiii, p. 206. 
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The existence of denitrogenizing enzymes is aflForded by the 
cxample of the guanase and adenase of Walter Jones/ which 
respectively convert guanin into xanthin and adenin into hypo- 
xanthin with the liberation of animonia. 

Polin believes that the greater part of the proteid ingested 
undergoes a dcnitrogenization through the hydrolysis of the 
amino cleavagc products. Such a reaction would read 

^i: CNH, + H,0 - 1=5 COH + NH, 

The ammonia may be converted into urea within the organism, 
and the nitrogen-frce rest may be converted into sugar. The 
simplest expression of this is seen in the experiment of Neuberg 
and Langstein,' who found glycogen in the liver and.lactic acid 
in the urine of a rabbit following the ingestion of alanin. The 
transformation of alanin into lactic acid may be written 

CH3 CHNH, COOH + H,0 - CH, CHOH COOK + NH, 

Alanin. Lactic Add. 

The conversion of lactic acid into sugar was demonstrated 
by the experiment of Embdcn and of A. R. Mandel, whoshowed 
increases in the sugar output in diabetes after the ingestion of 
lactic acid. 

Wolf linds that nonc of these amino substances has any 
effect on the blood pressure of animals so far as hc has examined 
them. Abderhalden and Teruuchi * find that their nitrogen is in 
greater part converted into urea in the organism as well as that 
of artificially prepared peptids, such as glycyl-glycin. 

Although some proteid metabolism may take place as above 
outlined, it is an undoubted fact that proteid may be synthesized 
in the body with the formation of new tissue, and also that pro- 
teids injected into the blood stream, as in cases of transfusion 

* Jonesand Winternitz: **2>citschrift für physiol. Chemie," 1905, Bd. xliv, p. i. 

* Neuberg and Langstein: "Archiv für Physiologie," SuppL Bd., 1903, 
P. SM- 

* Wolf: "Journal of Physiology," 1905, vol. xxxii, p. 171. 

^Abderhalden and Teruuchi: "Zeitschrift für physiologische Chemie," 
1906, Bd. xlvii, p. 159. 
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of blood serum, are rapidly destroyed and the nitrogen elimi- 
nated as urca. The conditions of proteid metabolism may, 
therefore, be entirely similar to those of starch metabolism: 
(i) digestive hydrolysis; (2) parlial combustion of the cnd 
products; and (3) possible regencralion of portions of the end 
products into substances similar to the Originals, but characteris- 
tic of the oi^anism.^i. c, glycogen and body proteids. In the 
case of proteids the second or metabolic process involves the 
partial passage of the end products through the glucose stagc. 
The third or regenerative process is promoted by such a proteid 
as casein, which yiclds a largc varicty of cleavage products. 

The chcmical bascs of such reconstruction is afforded by 
the artificial production of peptids by Emil Fischer, bodics which 
contain two or more amino acids unitcd logethcr. Therc arc 
di,- tri,- and poly-peptids. For cxample, glycyl-glycin is formed 
by the Union of two molecules of glycocoU with the loss of one 
of water, as foUows: 

NH.CH.CO OH + HNHCH.COOH — H.O- 

GlycotoU. GlltocoU, 

NH, CH, CO NHCH, COOH 

GlTcyl-ilycin. 

Kindred substances arc alanyl-alanin, alanyl-glycin, Icucyl- 
glycyl-glycin, dialanyl-cystin,' Thcir fatc in metabolism is ihc 
same as that of proteid, and it is claimed that the presence of 
some of thcm is neccssar)' for the proper synthesis of proteid in 
theoi^anism (p. 105). 

Folin' has discovered that a man fed with creatin-free food 
eliminates a constant quantity of Creatinin nitrogen in the urine 
irrespective of the amount of nitrogen ingested with the food. 
Thus the urine of one man contained 16.8 grams of total ni- 
trogen with 0.58 gram of Creatinin nitrogen. The same man at 
anothcr timc, afler largc carbohydratc ingestion, climinalcd ,^.60 
grams of total nitrogen and 0.60 gram of Creatinin nitrogen. 
Folin conceives that the constancy of the Creatinin and uric acid 

' Consull Abderhalden: "Lehrbuch der physiübgischen Chemie," 1906. 
' Folin: "American Journal of Physiolofty." 1Q05, vol. riü, p. 66. 
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Output is a truc index to thc necessary protoplasmic b^eakdo^^^l, 
and would dcfine the nitrogcn of such destruction as the endog- 
cnous nitrogcn. To what cxtent, if any, urea nitrogen enters 
into this csscntial lifc mctabolism he is not prepared to say. 
The samc idea was expressed by Burian * in an article published 
ten days later than Folin's. Burian believes that purin bases 
are a constant product of muscle metabolism and that these 
are oxidized to uric acid, a part of which is further converted into 
Urea. This process of itsclf would indirectly evolve urea as a 
constant product of the endogcnous nitrogen metabolism. Ac- 
cording to this newer conception the cells of the body ihrough 
the swinging motion of their particles do continually break down 
iheir own protoplasm with the production of Creatinin, purin 
bascs, and perhaps other subslances. These same cells may 
also break up exogenous amino radicles derived from ingested 
])r()tei(l or circulating protcid itself. 

As regards fat metabolism Geclmuyden' is inclined to the 
oj)ini()n that oxybutyric acid, aceto-acetic acid and acetone are 
normal metabolism ])r()ducts derived from members higher up 
in thc scries. 

Stoklasa ^ finds a fcrment in animal tissues able to convert 
sugar into lactic acid. He quotcs Oppenheimer's experiment, 
showing that w^hereas fresh normal blood yielded little acid on 
Standing at 37°, much greater amounts were formed if dextrose 
WTre addcd. He believes that this lactic acid is subsequently 
converted into alcohol and carbon dioxid. He* describes the 
action of ferments as follows: Zar/a/asr converts dextrose into 
lactic acid; alcoholasc converts lactic acid into alcohol; aceto- 
läse converts alcohol into acetic acid : and, perhaps, jormilnse con- 
v'crts acetic into the unstable formic acid which yields methane. 

Rubner^ gives the foUowing theory of metabolism: Living 

* Burian: "Zeitschrift für physiologische Chemie," 1905, Bd. xliii, p. 532. 

^ Geelmuyden: Ibid.y IQ04, Bd. xli, p. 128. 

' Stoklasa, Jclinck and Czerny : ** Centralblatt für Physiologie," 1903, Bd. xvi, 
p. 712. 

* Stoklasa: Ibid., 1905, Bd. xviii, p. 703. 

* Rubner: Von Lcydcn's " Handbuch der Ernährungstherapie, " 1903, p. 78. 
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protoplasm, through the Vibration of its particles, metabolizcs the 
food substances. The action resembles catalysis. The energy 
liberated reacts on the particles of protoplasm, causing a change 
in their position and a cessation of metabolism. The particles 
then retum to their original position and the cycle begins again. 
These processes require a fixed amount of energy. Rubner does 
not give his reasons for beUeving in this rhythm of excitation and 
rest. 

The quantity of the combustion depends on the power of the 
cells to metabolize (Voit). In the resting State this metabolic 
power of the cells is influenced by the "law of skin area" (Rub- 
ner). Tempera ture (cooling or warming) and nerve excitation 
(muscle work, chemical regulation) affect the power of the cells 
to metabolize, perhaps through a Variation in the capability of 
oscillation of the particles, an eflect which is in tum maintaincd 
at the expense of the energy derivcd from metabolism. Living 
protoplasm metabolizes in accord with its neccssities at the time, 
and never more. Large quantities of nutrient materials fur- 
nished will not increase cell metabolism. If food be ingested 
above the requirement for the organism, any excess will be 
retained in the body. The kind of metabolism depends upon 
the Constitution of the fluid feeding the cells, whether proteid, 
carbohydrates or fats have been ingested. 

Each ingested foodstuff exerts a specific dynamic action 
(Rubner). At a temperature of 33° the ingestion of the star\'a- 
tion requirement of energy in the form of fat incrcases the re- 
qirement for energy 10 per cent., carbohydrate raises it 5 per 
Cent., proteid 30 per cent. In other words, in the case of mcat, 
in Order to obtain calorific equilibrium about 140 calorics must 
be ingested instead of 100, if that reprcscnts the starvalion re- 
quirement. Rubner* explains that the cells of the body do not 
require more energy after meat ingestion than in starvation, 
but that the heat produced by a preliminary cleavagc of proteid 
into dcxtrose on the one hand, andinto anitrogen-containingrest 
on the other, while yielding heat to the body does not furnish the 

* Rubner: "Gesetze des Energieverbrauchs," 1902, p. 380. 
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actual energy for the vital activities of the protoplasm. This 
is fumished principally by the dextrose derived from the proteid. 
Although it is necessary to abandon the older theory which 
pronounces glycogen (or dextrose) a direct cleavage product of 
proteid, still the explanation of Rubner remains tenable if inter- 
preted in a newer light. If the energy requirement of the 
cell remains constant at 100, even after the ingestion of 140 
calories of proteid, then 71.4 per cent. of the total heat value of 
the proteid is the quantity actually used for the vital processes. 
Since it has been shown in the writer's laboratory that meat 
proteid yields 58 per cent. of dextrose in metabolism, it may be 
calculated that 52.5 per cent. of the total energy of proteid may be 
availablc for the cells in the form of sugar. A balance of 19 
per cent. must be obtained from other Compounds, while 28.5 
per cent. of the total heat value is wasted as heat without ever 
having been brought into the Service of the life processes of the 
cclls. Perhaps this 28.5 per cent. of heat loss represents the 
quantity produced by the cleavage of proteid into amino bodies 
and the denitrogenization of these radicles. (See p. 140.) 

The constancy of the energy requirement in metabolism 
makes difficult the explanation of the action of the various fer- 
ments found in the body. These areof three varieties: hydro- 
lytic, s>Tithetic, and oxidizing, but these from the very principles 
of our knowledge must be subservient to the requirement of the 
living cells, and not themselves masters of the Situation, as, 
for example, they become in the autolysis of dead tissue. It 
secms to be the requirement of the mechanism of cell activity 
which determines metabolism, and not primarily the action of 
enzymes, whose influence appears to be only intermediary. 

Fricdenthal* shows that proteid, colloidal carbohydrates, 
fats and soaps are not oxidizable in the cellular fluids without 
previous hydrolytic cleavage. After hydrolysis, however, the 
oxidases may effect an oxidation of the smaller molecules. The 
necessity of the hydrolytic ferment is also seen in the non- 

^ Friedenthal: Verhandlungen der Berliner Physiologischen Gesellschaft, 
"Archiv für Physiologie," 1904, p. 371. 
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combustion of dextrose after the extirpation of the pancreas, the 
organ by which the ferment is supplied. Oxygen and the 
oxidases are present in ample quantity, but the sugar is not 
bumed unless it be broken by its specific ferment. In the mean- 
time the cell avails itself of a compensatory energy supply from 
other sources. It is impossible to apply anything similar to 
Ehrliches side-chain theory to this condition of affairs, for the 
metabolism does not depend upon the satisfaction of chemical 
affinities, but rather upon a dcfinite law of utilization of energy 
equivalents. 

However clearly formulated the laws of metabolism may be, 
and many of them are as fixed and definite as are any laws of 
physics and chemistry, still the primary cause of metabolism 
remains a hidden secret of the living bioplasm. 
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TABLE SHOWING THE COST OF PROTEID AND ENERGY 

As Fn»>nt.aco by a Nuub» or Common Food Mateiials. at Piices Cl'ikent in ih 

Kasteih I'akt or tue Uniied States. 

Comtalcd by Lia^wonhy, V. S. Dcinrtment ol Agricultun, I4o.^, in Firmcts' BulUKin, 

No. 8s, p. I«. 

(i poUDd = 4;].6 gnini.) 



^.„r..„M„....... I I 



83 1 ?ä= 



Codfuh, wholc, frosh lo , 

Codfish, sipaks. u I 

Bluefish 12 

Halibut i8 

Codfish. sali 7 

Mackeral, sali lo 

Salmon, cannwl :t 

Oysters (solids, xo cenis <|uan). . 15 

Oysicis (solids, 60 ccnlB <iuartl: . yj 

Lobster. 18 

Becf, wrioin stcak 25 

Bed, sirlojn stcak 10 

Bett, round 14 

Beef, stcw mcal 5 

Becf, dried, chippcd 15 

Mutton chops, loin 10 

Mutton, leg 12 

Pork, roasl, loin u 

Pork, smokcd ham 12 

Milk (7 Cents quart) 3 

Milk (6 cctiw quan) 3 

Whoat flour 3 

Corn mcal 2 

Polaloes (1)0 Cents bushol) i} 

Polatoes (45 Cents bushcl) } 

Cabbagc 2\ 

Corn. tanniil 10 

Apples .1 

Strawbtrrifs 7 , 
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A more extensive compilation which permits not only 
the calculation of the nutritive value of the particiliar edible 
food but also of the approximate weight of inedible waste cn- 
tailed in the direct purchase of the material in the market, 
isas follows: 

coMPOsrnoN of ordinary food Materials 

AcXXMtDDCC TO AtwATEC AND BkYANT. 

Report ol tbe Stom Acricnltunl Experiment Sutioo, iSqq, p. iij, lomewhat abridged. 



KiMD OF Food Matcsial. 






Edible Portion. 



I 



Animal Foods. 

Beej KJresh^. 

Briskct 

Chuck 

Flank 

Loin, Ican 

Loin, medium 

Loin, fat 

Neck 

Platc 

Ribs 

Round, lean 

Round, medium 

Round, fat , 

Round, sccond cut 

Rump 

Forc shank 

Tongue , 

Shoulder and clod 

Fore quarter 

Hind cjuarter 

Sidc, lean 

Side, medium 

Side, fat 

Liver 

Suet (unrendered tallow) 
Hind Shank 



I 



e 



/V 

23-3 
16.3 

10.2 

131 

133 
10.2 

27.6 

16.5 

20.8 

8.1 

7-2 

12.0 

19-5 
20.7 

36.Q 
26.5 
16.4 

18.7 

»5-7 
ig.5 

17.4 

»3-2 
7.0 

53-9 









jf . 




•SS 




58 


t 


VII 

tri 


5t 


35 
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/C 

IS4.6 

62.7 

; 60.2 

I 67.0 

60.6 

54.7 

634 

54.4 

55-5 
70.0 

655 
60.4 

6q.8 

56.7 
67.9 
70.8 
68.3 
60.4 
50.8 
67.2 

50-7 
47-8 

71.2 

137 
67.8 



Beej (presenrd attd 
cooked). 

Dried and smokcd 4.7 

Brisket, corned 2 1 .4 

Flank, corned _ 12. i 



54.3 

50.9 
49.9 



.0 



2.1 

.8 

•9 
.2 

.8 

•9 
.6 

.2 

.0 

.0 

.6 

.6 

•3 
2.0 

•4 

•3 

•5 
.8 

.8 

•3 
.8 

2.5 

2 

4.3 

4 






5-3 

7-9 

8.3 
9.1 

7-9 
70 

9.5 
6.0 

7.0 
20.7 

9.7 
8.9 
9.8 

6.9 
9.8 

8.3 
9.0 

7-4 
7.8 

8.7 
7.6 

5-7 
20.4 

4.6 

20.3 



3 



3-5 
3-2 
2.7 



29.1 

17.8 

14.2 



/C 

27.1 

I7.I 
19.9 

12. 1 
19.2 
26.2 

157 
27.6 

253 

7-5 
12.9 

18.5 

8.2 

24.2 

II.O 

8.7 

10.7 
20.3 
20.5 

12.5 
20.9 

34-6 

4.3 

77-7 
10.9 



, 6.2 

123.5 
131.4 






/o 




% 



7 

7 

7 
o 

8 

9 

7 
6 

7 
I 

8 

o 

8 

7 
7 
8 

8 

7 
7 
9 
7 

5 

2 

2 
7 



6.8 
4.2 
2.2 



Calo- 
riet. 

I47S 
109s 

122$ 
900 
I185 
1470 
1065 
I5IO 

1430 

73S 

950 

"75 

750 
1380 

865 

740 

840 

1220 

1240 

910 

1250 

1805 

620 

3440 

875 



850 
1370 
X635 



APPENDIX. 301 

COMPOSITION OF ORDINARY FOOD MATERIALS (Conünued). 



Kdcd Ol PooD Matuul. 



Aniual Foods, 

(Bcrj, prtstrved and 

coQked). 

PUtc, comed 

Kump, comrd 

Canned, boiled 

Canned. comed 1 

Boiled beet {<mK not given) 

üoast, coolted ' 

Loin sleak. cookcd ! 

Tripe, pickled ' 



Brcasi.. 
Chuck.. 
CuÜeU (10 

Flank 

Leg 

Lran 

Neck 

Rib.. 



Vtal U'"li). 



Fore quaner. . 
Hind nuaricr.. 
Sidc 



i '7-4 63.9 
>7-7 156-7 



Lamb (Jrtsh). 

Bicoit or chuck 

Leg 

-Necl^.' !.'...','.. '..'.'.'.'. 

Shoulder. 

Fore quartcr | iS.a ]_,_,.. 

Hind quBFter ! ij. j , 60.1) 1 

Sidc ;,o,3 58.J [ 

Lamb icooktd). I 

Chops, broilcd ' i j.5 ; 47.6 

L« n>Mt ■,. [67.1 1 

ilulbm {fnih). j I 

Chuck _. ix-i I 50.1) I 

Flank g.g ".(,.2 I 



».si 



3 itrJ 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Conünued). 



AvuLuu NuniEHn. 



KiNDor Food Uitixiui~ 



Amual Foods. 

MMon (Jrtih) 
1^;;;;; ;;;;;;;;; 
NeikV.V..!.!"''!"! 
Fun.' i[uurli'r 



P 



I l^fJ 



Sid.'. 



lAfli nsisl . . . 

TunRUr, ranncil 

Chuik, Hlisanrl^DuldcT. iS.i 

Flank iS.o 

Loin, tluips iij.i 

Shouiiiir'.'.V.'..! ; '.'.'.'..'.'. Ti\ 

Sidp 11,5 

Park (fiietied. salied und 

zmoktd). 
Bacnn 

Sh()ui.i.r is. 

Salt, kanimU n. 

Salt, fal 

Pigs' teil, piikktl. 



7'7 



Pmh (cMted). 



I 



J5 5 



J7-» I ». 



Boloftna 

Frankforl 

Pork 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Continued). 



Kino or Food Material. 



Animal Foods. 

Poullry and gante (cooked 
and canned). 

Capon 

Turkcy, roast 

Plover, roast, canned 

Quail, canned 

Fish (jresh), 

Bass, black, whole 

Bluefish 

Codfish, dresscd 

Cod Steaks 

Flounder, whole 

Haddock 

Halibut Steak 

Lake trout 

Mackerei 

Weakfish 

Whitcfish, whole 



SheU fish ifresh). 
Long clams, in shell.. 
Round clams, in shell. 

Oysters, in shell , 

Oysters, solids 

Clams, round, solids. , 

Crabs, hard shells 

Lobstcr 



Edible Portion. 



Fish {preserved and 
canned). 

Cod, sah 24.9 

Cod, Salt, boneless 1.6 

Halibut, smoked ". . 7.0 

Herring, smoked 44.4 

Mackeral, sah, dressed.. .' 19.7 

Salmon, canned 14.2 

Sardines, canned 5.0 

Lobster, canned ' . . 

Clams, canned 

Oysters, canned 



54.8 
48.6 
29.9 
9.2 
61.5 
51.0 

17-7 
48.5 

44-7 
51-9 
53-5 



41.9 

675 
81.4 



52.4 
61.7 



76.7 

78.5 

58.5 

79-7 
84.2 

81.7 

75-4 
70.8 

73-4 
79.0 
698 



85.8 
86.2 
86.9 
88.3 
80.8 

77-1 
79.2 



53-5 
550 
49.4 
34.6 
43-4 
63s 

52.3 
77.8 

82.9 
83.4 



1.0 
1.0 

•5 

•9 

•7 
.8 

i.i 

1-3 

1-3 

•9 
1.4 



i.o 

.9 
.8 

.6 

1.0 

1.4 

I.I 



20.0 
18.8 
10.8 
18. 1 

138 
16.7 
18.0 

173 
18.1 

17-3 
22.2 



8-3 
6-3 

6.0 

5.8 
10.3 
16.1 

159 



6.8 

5-5 
5-0 
5-2 

50 
1.9 

31 

1-3 
1.0 

.8 



20.9 
24.9 
20.1 

35.8 
16.8 
21. 1 
22.3 
17.6 
10.2 

8.S 
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1.6 

I.I 

.2 

•5 
.6 

•3 
4-9 
9.8 
6.7 

2.3 
6.2 



I 
2 
o 

9 
7 



•3 

•3 

14.3 
15.0 

251 
11.5 

18.7 

1.0 

.8 

2.3 



i 



S 






% 



.8 
1.6 
I.I 



2.0 
4.2 

3-7 
3-3 
5-2 
1.2 

.4 



i 



4 

o 



2.0 
2.0 

1-5 
.8 

1-7 
2-3 
1.7 



18.5 

14.3 

11.3 
9.9 

0.7 
2.0 
4.2 
1.9 
2.1 
I.I 






/O 


Calo- 
ries. 


1.0 

2.4 

7.6 

1.7 


995 

85s 

985 
780 


•9 


470 


1.0 


420 


.6 


225 


.9 


385 


1.0 


300 


.9 


345 


.8 

•9 
•9 


570 
765 
650 


•9 


445 


1.2 


710 



240 

215 
235 

225 

340 

425 

400 



430 
510 

IOI5 

1360 

1415 
915 

1250 

400 
290 

340 
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COMPOSmON OF ORDINARY FOOD MATERIALS (Owuiiitted). 



Aniual Foods. 






1"! 



Vecf.tabi.e Foods. 
CrrraU. ttc. 

Barlri-. pcarlod 

Buckwhral Ikiur... 
Burkwhtnl, sclf-raising. . 
Com (maizc) flour, 
Corn (maUv) mi-al 
Com(mniic>p[viiaralions:' 



Hon 



Gtutcn (lour 

Graham tlour 

Whoat flour, palent proc-. 







7 I 70-9 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Conlinued). 



Kind of Food Material. 



Vegetable Foods. 

CrrealSf etc. 

Family and straight 
grade 

High grade 

Wheal preparalions: 

Breakfast foods 

Macaroni 

Macaroni, cooked 

Spaghetti 

Noodles 

Bread: 

Brown 

Corn ( johnnvcakc) 

Rye..*. ' 

GraharA 

Whole wheat 

White wheat 

Biscuit, soda* 

Rolls 

Toasled bread 

Crackers: 

Boston (split) 

Milk, Cream 

Graham 

Oyster 

Soda 

Water 

Cakes, Cookies, etc.: 

Bakers* cake 

Cofifee cake 

Gingerbread 

Sponge cake 

Drop cake 

Molasses Cookies 

Sugar Cookies 

Ginger snaps 

Wafers 

Doughnuts 

Pie, pudding, etc.: 

Pie, apple 

Pie, custard 

Pie, squash 



?• 



% 




Edible Portion. 



31 
2.2 

2.4 



AVAILABLE NUTRIENTS. 



er 









1 


«^ 


irboh 
rat es 


(2 


Ü^ 



er I er 
/o /o 



1.4 

7-7 
10.9 

8.5 
95 



7.6 


8.2 


8.3 


7.9 


4.8 


4.1 


5-5 


6.8 


4.5 


8.1 


4.8 


9.6 


5-9 


13-2 


5.6 


7-8 


5-4 


9.2 


50 


7.7 


6.7 


7-7 


5-2 


18.9 


2.4 


8.8 


3-2 


^'l 


3-4 


7.6 



/C 



73-5 
73-6 

74.0 

730 
15.6 

75-1 
74.3 

46.2 

45-2 
52.0 

49.1 

52.3 
51.8 

55-8 
60.3 

69.9 
68.5 

72.5 

69-3 
71.8 

70.6 

55-8 
61.9 
62.1 

64.5 
59-2 
74.0 
71.6 

74.3 
730 
52.1 

41.8 

257 
21.4 



< 



% 



.4 
.4 



I.O 
I.O 
1.0 

•5 
.8 

1.6 

1-7 
i.i 

i.i 

I.O 

.8 

I.I 

.8 

1-3 

1.4 

1-3 
I.I 

2.2 

1.6 

1.4 

.6 

.7 
2.2 

1.4 

.6 

1-7 
1.0 

2.0 

1.2 

«« 
•/ 

1.4 

.8 

1.0 






Calo- 
ries. 



61s 

620 

670 
640 
405 
640 
640 

035 
170 

160 

185 

"5 

195 

655 
360 

390 

830 
920 
900 

905 
870 

850 

335 
580 

620 

735 
805 

855 
865 

845 
855 
895 



1215 

795 
800 



* Made from wheat flour, raiaed with baking powder. 



ao 
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CC>MP0?1T10N OF ORDINARY FOOD MATERIALS (Conünucd). 



LiHBLE PomON. 



kl 



AvAIUkBLE NUTUENTS. 



lLi>r r i -o Mattejal. T^ 



2^T 



Vegetablk Foods. 

Cr real 5, etc. 
Pie, {>udding. et- . 

Pudding, Indien nx-al 
Pudding, rice cu>lani. 
Pudding, tapioca 

Sugjrs, stiirches. etc. 

Sugar, granulaicd 

Sugar, pulvcrizt-d 

Sugar, brown 

Sugar, maplc 

Mülasscs 

Maple synij» 

Comstarch 

Tapioca 

^i»g« 

Ve^etxihics. 

Asparagus, frcbh 

Asparagus, cooked 

Beans, Lima, grein 

Bcans, Lima, dried 

Beans, string, frcsh 

Beans, string, cooked "*... 

Beans, white, dried 

Beans, baked 

Beets, fresh 

Brets, cooked* 

Beet "greens," cooked*.. 

C'abbagc 

('arrots, froh 

C'arrots, eva]>oralcii 

Cauliflower 

Celen' 

Sweet ct)rn, green 

Cucuml)ers 

r.RR plant 

Lettuce 

Onions, fresh 

Onions, cooked • 

Parsnips 

Peas, dried 



•5 



I ' 
t 



60.7 
^0-4 
<>45 



::.4 
12.2 






c 



2.1 

i.o 



4-5 

2.S 



•3 
7-7 



. . 


'94.0 




1-3 


• • 


Iqi.6 


1.0 


»•7 


550 


|ö8.5 


2-7 


5-3 


• * 


: 10.4 


6.7 


12.8 


7.0 


189.2 


1.0 


»•7 




95-3 


•5 


.6 


• . 


12.6 


7-5 


158 


. . 


68.9 


2.& 


4.8 


20.0 


87s 


1.0 


■ 1.2 


. . 


88.6 


1.2 


1-7 




89.5 


1.2 


1-7 


150 


Qi-S 


•7 


1.2 


20.0 


88.2 


1.0 


' .7 




: 3-5 


6.Q 


5-8 


* • 


92.3 


•7 


1-3 


20.0 


,94.5 


.6 


.8 


61.0 


175-4 


1.8 


2.3 


150 


95-4 


.4 


; .6 


• • 


,92.9 


.6 


•9 


15.0 


:94.7 


.5 


.9 


lO.O 


87.6 


.8 


1.2 




01.2 


.8 


•9 


20.0 


83.0 


1.2 


1.2 




9-5 : 


7.6 


17-3 


♦ With buttcr, 


etc., added. 



^c 



43 
4.1 

2.9 



.1 
•4 

.2 

30 
.6 

1.4 

•3 
1.0 

1.6 



23 
.1 

.1 

3> 
•3 
.4 

3-2 

•5 
.1 

1.0 

.2 

•3 

•3 

.3 
1.6 

•5 
•9 



^2 



Tc 



26.9 

30-7 
2S.2 



lOO.O 
lOO.O 

95-0 
82.8 

70.0 
71.0 

QO.O 
88.0 
78.1 



3-3 
2.1 

21.6 

65.6 

7-2 

1.9 

59-9 
19.6 

9-4 
7.2 

3-2 

5-5 
8.9 

76.9 
4.7 

19.0 

30 
4.9 
2.9 
9.6 

4.8 

'30 
62.5 



< 



Tc 



I.I 

-5 
.0 



"«* tT ~ ^ 



CaIo- 
rics. 



•5 
.6 

1-3 

31 
.6 

•7 
2.6 

1.6 

.8 

1.2 

1-3 

.8 



6f 

-5 
.8 

•5 

•4 

•4 

•/ 

.5 

•7 
I.I 

2.2 



7S5 
825 
715 



1790 
1790 
1700 

1485 

1255 
1270 

1715 
1685 

1665 



95 

195 

525 

1565 
180 

90 

1530 
565 
205 

170 
220 
140 
200 
1700 

135 
80 

445 

75 
120 

85 

215 

^75 
200 

1508 
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COMPOSITION OF ORDINARY FOOD MATERIALS (Conlinucd). 



KiKD or Food Material. 



Vegetable Foods. 

VegeiahUs. ; 

Peas, green 

Pcas, green, cooked* 

Potatocs 

Potatoes, cooked, boi]cd..j 
Potatoes, mashcd and ' 

crcamed 

Pumpkins 

Radishes 

Rhubarb 

Squash 

Spinach, f rcsh 

Spinach, cooked* 

Sweet potatocs, fresh 

Sweet potatoes, cooked*.. 

TomatcK.'s 

Tumips 

VegetabUs {canned). 

Asparagus 

Beans, bakcd 

Beans, string 

Beans, Lima 

Sweet corn 

Peas, green 

Succotash 

Tomatoes 



's! 









450 

20.0 



Edible Poetion. 



et 



50.0 
30.0 
40.0 
50.0 



20.0 



30.0 , 






74.6 

73« 
7«.3 
75-5 

I 
75-1 

931 
91.8 

94.4 

188.3 

92-3 
89.8 

, 69.0 

519 

,94.3 

89.6 



Fruits, etc. {jresh), 

Apples 25.0 

/Vpricots 6.0 

Bananas 35.0 

Blackberrics 

ehernes 5.0 

Cranberrics 

(^urrants 

Figs ' .. 

Orapes 25.0 

Huckleberries 

Lemons 30.0 

Muskmelons 50.0 

Oranges 27.0 



94.4 
I 68.9 

93-7 

795 
76.1 

853 

75-9 
94.0 



84.6 

|85-o 

175-3 
;86.3 

j8o.g 

'88.9 

.850 

I 79.1 

i /•4 

Sl.Q 

80.S 
86.9 



«s 3 

5>5 



% 



2.2 

2-5 
1.4 

1-7 

2.0 
.6 

•7 
.6 

•9 
i.o 

i.i 

2.1 

30 
•4 
.8 



.6 

2-7 

•7 



•7 
•7 
.4 
.8 

•5 



1.6 

1-5 

2.7 

1-5 
2.0 

1.2 

1-7 
2.2 

2.4 
2.0 

1.2 

i.i 

1.4 



I 



c 

/o 



5-2 

51 

»•7 
1.9 

2.0 

•7 

1.0 

.4 
I.I 

1.6 

1.6 

1-3 
2.2 

•/ 
1.0 



1.2 

4.8 

.8 
30 
2.1 

2-7 
2-7 

'9 



•3 

•9 

1.0 

1.0 
.8 

•3 
1.2 

1.2 

1.1 

•5 
.8 

•.S 
.6 



AVAILABLE NüTRIKNTS. 



•O I 






c 

/V 



5 
I 

I 

I 

/ 

I 

I 


5 

3 

7 
6 

9 

4 

-> 



.1 

2.3 
.1 

•3 
I.I 

.2 
.0 



•5 
•5 

•/ 

•5 



1.4 

-.^ 
.6 



u 



/O 



16.7 
14.4 

177 
20.0 



17.1 

50 
50 

3-5 
8.6 

3-2 

2.7 

26.2 

40.3 

3-8 
7.8 



2.8 
19.7 

3-7 

M.3 
18.3 

9.6 

18.0 

3-9 



2.8 
2.2 
9.9 
9.9 

51 
8.9 
1.6 

70 

7-3 
4.9 

77 
8.4 



I 



I 



•5 

< 



^1 

/o 



.8 

I.I 

.8 

.8 

1.1 

•5 

.8 

•5 
.6 

1.6 

I.I 

.8 

•7 
•4 
.6 



Q 
1.6 

1.0 

1.2 

•7 

.8 

•7 
•5 



I3 



C'alo- 
rit-s. 



I 

2 

6 ! 
4 

5 
2 

5 

5 

4 
2 

4 

5 



430 
490 

3.70 
415 

475 

HO 

130 
100 

205 

100 

235 

545 
88s 

100 
17s 



80 

555 
90 

335 
430 
235 
425 
100 



260 
240 
400 

235 
320 

190 

230 

330 

390 
300 

180 

160 

210 



♦ With buttcr, etc. addcti. 
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11 








K1H1> 


t Food Mj>nuAL. 


















- 


^ 


Vegetable Foods. 


r- 




fr«. 


U, ac. (Jrfsh). 




r 



?.in 



Pears.. 

Plums 

Raspbemes, blark.. 

Strawberrics 

Walcrmclons 



Apr.ics 



Curranla.. 

llulra 

Figs 

Roiaini 

Pninra.... 



ined). 



Fruili, ele. (i 

Apricnis 

BlackbeiTirs 

BJucbcrries 

ehernes 

Crab-applcs 

Pears 

Slnurbcmes (alewcd) 

Nuts. 

Almonds 

Buttemuts 

Cheslnuls ([resh] 

Cocoanuts 

niberts 

Hirkonnuts 

Feanuls. 




For greatcr detail sce The Chemical Composition of 
American Food Materials, by Atwater and Bryant, Bulletin 28 
(Revised), U. S. Dept. of Agriculture, Washington, 1902. 
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Abundant, diet, 125 
Acetoacetic acid in diabetes, 238 
Acetolase, 294 

Acetone in diabetes, 238, 239 
Acetonuria in starvation, 63 
Acid, acetoacetic, in diabetes, 238 
^-oxybutyric, in diabetes, 238, 239 

in urine, in starvation, 63 
rf-glucuronic, 244 
hippuric, in urine, 64, 114 
kynurenic, in urine, 117 
lactic, conversion of, into dex- 
trose, 232 
in urine after bloodletting, 214 
phosphoric, in urine, in starva- 
tion, 62 
uric, 270, 271 

conversion of adenin into, 274 
of guanin into, 274 
of hypoxanthin into, 272 
into Urea, 275 
elimination of, effect of adenin 

on, 272 
endogenous, 277 
excretion of, endogenous, con- 

stancy of, 278 
exogenous, 277 

power of crushed tissue to 
destroy, 274 
a-colloid dextrose, 234 
Adenin, 270, 271 

conversion of, into uric acid, 274 
effect on uric acid elimination, 272 
a-dextrose, 234 
Alanin, 141, 231 
Alanyl-alanin, 293 
Alanyl-glycin, 293 
Album inuria in starvation, 63 
Alcaptonuria, Phenylalanin in, 116 
ratio between homogentisic acid 
and nitrogen elimination in urine 
in, 116 
tyrosin in, 116 
Alcohol, effect on metabolism, 190, 191 
on oxidative power of liver for 

uric acid, 30 
on purin metabolism, 283 
food value of, 191 



Alcohol, stimulating action of, 170 
Alcoholase, 294 
Alimentary glycosuria, 226, 228 
Allantoin in urine, 272, 275, 276 
Altitude, high, effect on metabolism, 
216, 217, 218 
on red blood-cells, 221 
increase of hemoglobin at, 222 
Amino bodies, regeneration of, into 

proteid, 291 
Ammonia, 21 

nitrogen in urine in starvation, 63 . 
Anabolism, 19 
Anemia, metabolism in, 212 
Apnea, 30 

Arabinose in diabetes, 245 
Aseptic fever, 249 
Ash of milk, percentage absorption 

of, 203 
Asparagin, effect of, on dextrose 

Output in diabetes, 231 
Atmosphere, pressure of, 216 

relative composition of, 216 



Basic requirement of an organism, 
90, 91 

Baths, cold, influence of, on metabol- 
ism, 92, 93 

6-colloid dextrose, 234 

6-dextrose, 234 

Bile in starvation, 69 

Blood, dextrose in, in starvation, 70 
globulin in, in starvation, 70 
hyperarterialization of, 30 
in starvation, 70 

Blood-cells, red, effect of high alti- 
tude on, 221 

Blood-corpuscles in starvation, 70 

Bloodletting, lactic acid in urine 
after, 214 

Blood-plasma in starvation, 70 

Bone feces, 45 

/?-oxybutyric acid in diabetes, 238, 239 
in urine in starvation, 63 

Boyhood, metabolism in, 146 

Bread, influence on meat feces, 47 
particles in feces, 49 



317 



3i8 



INDEX OF SUBJECTS. 



Caffein, 273 

Calorics, in milk, pcrccntage distri- 
bution of, 204 
pcrccntage of, in difTercnt diets, 

Calorific value of miik, 205 

of proteid in nutrilion, 36, 38 
Canc sugar, influcncc on mctabolism, 

, '50 

Carlx)hydratc, effcct in typhoid fever, 

264 

mctabolism, influcncc of J-glucu- 

ronic acid and pcntoscs on, 244 

Carbohydratcs and fat intcrchangc- 

ablc in nutrition, 35 

as fucl for production of mechani- 

cal encrg\' by Ixxiy, 167 
ron Version of, into fal, 150, 151, 

digcstibility of, 49 
heat value of, 40 
ingcstion of, influcncc, 142, 147 
nitrogcn cquilibrium after, 154, 

155 
suddcn withdrawal of, susccptibil- 

ity of proteid metalx)lism to, 154 

Carlx>n dioxid climination, day and 

night, in stan'ation, 74 

from mcchanical work, 170 

in rcspiralion, 30 

in starvation, 58 

volumc expired, relation to vol- 

ume of oxygcn inspircd, 27 

cquilibrium, loi 

monoxid diabctes, 234 

ratio of nitrogcn to, in urine, 36 

retention after proteid ingcstion, 

122, 123 

Carcinoma, mctabolism in, 258, 260 

Casein, 30 

Caslration, effcct on mctabolism, 222 

C\ital)<)lism, ig 

Cells in mctabolism, 42 

Chemical regulation of tcmpcrature, 

80, 83 

in dog. 85 

in guinea-pig, 84 

Children. metalxilism of, 205, 206 

('hlorin in urine in starvation, 63 

Circulating proteid, 55 

in starvation, 55, 56 

Climatc, influcncc on mctabolism, 97 

Clonic convulsions after thyroidcc- 

tomy, 224 

Clothes, cfTect of, on hcat regulation, 

96 

on metalK)lism, q6 
Coffee, stimulaling action of, 170 



Cold baths, influcncc of, on mctabol- 
ism, 92,93 
Cold, elTect of, on mctabolism, 83 

in fever, 258 
CoUoid sugar, 227 
Compcnsation thcory, 125, 133 
Composition of food matcrials, 300 

308 
Convulsions, clonic, after th>Toidcc 

tomy, 224 
Corpora striata, hcat puncturc of, 252 
Cost of proteid and energy, 299 
Creaiin in urine, 117, 118 
Creatinin climination after meat 
ingcstion, 118 

in urine, 117 
Crcatinin-nitrogen in urine, 118 
Critical tcmpcrature, 84 
Crou|X)Us pneumonia, ef)icritical nitro- 
gcn climination in, 260 
mctabolism in, 260 
Crushcd tissue, power of, to destroy 

uric acid, 274 
Curare, cfTect of, on regulation of 

tcmpcrature, 82 
Cutancous excretions, amount of, 21 
Cystein, 115 
Cystinuria, 115 



Dampness, cficct on mctabolism, 88 
Death, cause of, in starvation, 67 
Degeneration, fatty, in fevers, 266 
of proteid, 246, 247 
parenchymatous, in fevers, 266 
Deposit proteid, 159 
Dextrose, convcrsion of lactic acid 
into, 232 
climination and urinary nitrogcn 
in diabctes, relation between, 
228, 229 
excretion of, beforc and after meat 

ingcstion in diabctes, in 
in hlood in starvation, 70 
in diabctes, cfTect of asparagin on 
Output of, 231 
fat mctabolism as sourcc of, 230, 

231. ?33 
in urine in starvation, 63 

production and nitrogcn climina- 
tion in starvation, constant 
ratio between, 64 
from proteid in diabetcs, 238 
<f-glucuronic acid, influcncc of, on 
carbohydrate mctabolism, 244 
DiaV)etes, acetoacetic acid in, 238 
acctone in, 238, 239 
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Diabetes, arabinose in, 245 
^-oxybutyric acid in, 238, 239 
carbon raonoxid, 234 
causcs of, 226 
dextrose in, fat metabolism as 

source of, 230, 231, 233 
cniaciation in, 234 
energy value of proteid in, 237 
excretion of dextrose and nitrogen 

bcfore and after raeat ingestion 

in, III 
expcrimental pancreas, 226 
fatal ratio in, 241 
fatty degeneration of proteid in, 

246, 247 
glycogen in, 240 

influence of asparagin on dextrose 
Output in, 231 

on proteid metabolism, 235 
levulose in, 243 
mellitus, 226 
metabolism in, 225 
methods for examining severe types, 

240, 241 
opium in, 242 

production of dextrose from pro- 
teid in, 238 
relation between urinary nitrogen 

and sugar climination in, 228, 

229 
rhamnose in, 245 
starvation, 226 
sugar from proteid in, iio 
yeast in, 243 
Diabetic center, 225, 226 
Dialanyl-cystin, 293 
Diet, abundant, 125 
high in carbohydrate in typhoid 
fever, 264 

in proteid in typhoid fever, 263 
in fevers, 261 
in gout, 287 
in pregnancy, 195 
influence of, on composition of 

milk, 198, 200 
maintenance, 125 
meat-fat absencc of sccondary risc 
in fat metabolism on, 145 

secondary risc in proteid metab- 
olism on, 145 
milk, in fevers, 261 

results of, 190 
normal, 177 
purin-free, 277 
Dictaries, hospital, i88 

Standard, 187, 188 
Diets, pcrccntage of calories in, 138 
Digcstibility of carbohydrates, 49 



Drinking water copiously, action of, 
106 
effect on proteid metabolism, 105 
Dynamic action of metabolism, 41 
sccondary, absence of, in fat 
metabolism on meat-fat diet, 
146 
in proteid metabolism on meat- 
fat diet, 145 
of proteid, 127, 128 
specific, of fat, 144 
of foodstuffs, 133 
of proteid, 126, 140 



Egg, hen's, heat production in, 193, 

194 
Electricity, 33 

Emaciation in diabetes, 234 
Energy, 33 
cost of, 299 
for development, 193 
mechanical, 33 

production of, by body, fats and 
carbohydrates as fuel for, 167 
ontogenetic, 193 
Potential, 33 

requirements in Performance of 
same amount of mechanical 
work, 171 
in starvation, 60 
source of, on earth, 33 
value of proteid in diabetes, 237 
Epidermis, nitrogen in, 21 
Equilibrium, carbon, loi 
nitrogen, 20, 99, 100, 101 

after ingestion of carbohydrates, 

154, 155 
low level of, in normal and 
undernutrition, 157 ' 

Erythrocytcs, effect of high altitude 

on, 221 
Exophthalmic goiter, metabolism in, 

223 
Expcrimental pancreas diabetes, 226 



Fasting, 52. See also Starvation. 
Fat and carbohydrates interchange- 
able in nutrition, 35 
as fuel for production of mechani- 
cal energy by body, 167 
content, influence of, on length of 
life in starvation, 68 
on proteid metabolism in star- 
vation, 68 
of animal, proteid metabolism 
in starvation as influenced by,66 
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Fat content of milk, 199. 200, 201 
adion of fasting on, 1Q9 
conversion of cartxSiydrates into, 

150. 151. 152 
effcct of, on metabolism, 87 
influence on meat feces, 47 

on mctabolism, 87 
ingestion, influence of« 142 
on nitrogen retention, 145 
man, metabolism of a, effect of work, 

temperature, and humidity on, 

94» 164 
metabolism, absence of secondar}* 
dvnamic action in, on meat- 
fat diet, 146 
as source of sugar in diabetes, 

230, 231, 233 
in stan-ation, 73 
production of, from proteid, 120 
quantity of prot^d metabolism in 
starv'ation depends on amount 
of, 66 
specific dynamic action of, 144 
Fatal ratio in diabetes, 241 
Fatty degeneration in fevcrs, 266 

of proteid, 246, 247 
Feces, 45 
amount excreted, 49 
bonc, 45 

bread particles in, 49 
collection of, for given period of 

nutrition. 45 
composition of, on different diets, 

heat value of, 36, 37, 51 
legumes in, 49 
meat, 46, 47 

influence of bread on, 47 
of fat on, 47 
of sugar on, 47 
milk, 46 

nitrogcn in, 21, 47 
normal, 50 

potato particles in, 49 
sources of, 47 
starch particles in, 49 
starvation, 46, 47 
Fever, aseptic, 249 
dict in, 261 
etiology of, 266 
fatty degeneration in, 266 
increase of purin bases in urine in, 

267, 268 
infectious, 249 

metabolism in, 253 

toxic destruction of body pro- 
teid in, 258 
insensible Perspiration in, 257 



Fever, metabolism in, 249 
effect of cold on, 258 
of heat on, 257 
of muscular work on, 258 
milk diet in, 261 
neurogcnic, 249, 252 
parenchymatous degeneration in, 

266 
physiological, 249 
toxic, metabolism in, 253 
t>*phoid, diet high in carbohydrate 
in, 264 
in proteid in, 263 
increase of purin bodies in urine 

in, 268 
metabolism in, 259, 262, 263, 264 
Food, definition of, 98, 177 
materials, composition of, 300-308 
Proportion of, in making up a 

ration, 177, 178 
proteid, influence of, 98 
requirement during period of 

growth, 193 
statistics, municipal, 188 
value of alcohol, 191 
Foodstuffs, specific dynamic action 

Formilase, 294 



Gastric Juice in starvation, 69 
Gelatin in star\'ation, 57 

value of, in metabolism, 102 
Gland, thyroid, effect on metabolism, 

222 
Glands in starvation, 69 
Globulin in blood in starvation, 70 
Glycocoll production after ingesting 
proteid, 114 
and nitrogen elimination con- 
stant ratio bctween, in star\'a- 
tion, 65 
Glycogen, 148, 149 

distribution of, 148 

in diabetes, 240 

of animal in starvation, 71 
Glycolaldehyde, 231 
Glycosuria, alimentär}*, 226, 228 

phlorhizin, 226, 227, 228 
Goiter, exophthalmic, metabolism in, 

223 
Gout, 270, 282 

diet in, 287 

predisposing causes, 283 

tolerance for purin bodies in, 286 
Growth of suckling pi^, 208, 209 

period of, food requiremeiU during, 

193 
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Growth, rapidity of, and longevity, 
relation between, 211 

Guanin, 270, 271 

conversion of, into uric acid, 274 
xnetabolism of, intra-vitam, 276 



Hair, nitrogen in, 21 
Heat, 33, 34 

animalf 31 

cflfect of, on metabolism in fever, 

258 
from metabolism, comparison of, 

with heat actually produced, 41 

loss by conduction and radiation, 83 

distribution of, after meat inges- 

tion, 131 
manner of, influence of temper- 

ature on, 89, 90 
paths of , 83 

Vary with temperature of envi- 
ronment, 83 
production in hen's egg, 193, 194 

in resting animals, 81 
puncture of corpora striata, 252 
regulation, effect of clothes on, 96 
requirement, minimal, 130 
value of foodstuffs, 40 
of feces, 36, 37, 51 
of metabolism, 34 
Hemoglobin in starvation, 70 

increase of, at high altitudc, 222 
Hen's egg, heat production in, 193, 

194 
High altitude, effect on metabolism, 
217, 218 
red-blood cells, 221 
increase of hemoglobin at, 222 
metabolism at, 216 
Hippuric acid in urine in starvation, 
64 
after meat ingestion, 114 
Hospital dietaries, 188 
Humidity and temperature, influence 
of, on metabolism of fat man, 94, 
164 
effect of, on metabolism, 88, 89 
Hunger, 52. See also Starvation. 

specific nitrogen, 156 
Hyperarterialization of blood, 30 
Hyperthermia, 249 
Hypoxanthin, 270, 271 
effect on uric acid, 272 
in muscle, 281, 282 



Ichthyosis hystrix, metabolism in, 
250 

21 



Infectious fever, 249 
fevers, metabolism in, 253 
toxic destruction of body proteid 
in, 258 
Insensible Perspiration, 17 
in fever, 257 



Kynurenic acid in urine, 117 



Lactalase, 294 

Lactic acid, conversion of, into dex- 
trose, 232 
in urine after bloodletting, 214 

after phosphorus-poisoning, 247 
La piqüre, 225, 226 
Law, Flourens's, of longevity, 211 

of skin area, 82, 295 
Legumes in feces, 49 
Leucin, conversion of, into acetone 

and lactic acid, 231, 232 
Leucyl-glycyl-glycin, 293 
Leukocythemia, metabolism in, 214 
Levulose in diabetes, 243 
Life, length of, in starvation, 65 

influence of fat content on, 68 



Magnetism, 33 
Maintenance diet, 125 
Meat feces, 46, 47 

influence of bread on, 47 
of fat on, 47 
of sugar on, 47 
influence of ingesting increasing 

quantities of, 10 1 
proteid, amount of nitrogen in, 22 
Mechanical energy, 33 

production of, by body, fats and 
carbohydrates as fuel for, 167 
work, carbon dioxid elimination 
from, 170 
effect oJF, on metabolism, 160, 161 
on nitrogen metabolism, 165 
on proteid metabolism, 165 
energy requirements in Perform- 
ance of same amount of, 171 
Meconium, 46 
Metabolism, 19 
after meat ingestion, 106 

Variation in, 108, 109 
proteid ingestion in excess, 124 
influence of external tem- 
perature on, 129 
and diabctic metabolism, compari- 
son of, 236 
at high altitudes, 216 
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Metabolism, carbohydrate, influence 
of ^-glucuronic acid and 
pentoses on, 244 
of pentoses on, 244 
cells in, 42 

day and night, in starvation, 73, 74 
diabetic, and normal metabolism, 

comparison of, 236 
dynamic action of, 41 
fat, absence of secondary dynamic 
action in, on meat-fat diet, 146 
as source of sugar in diabetes, 

230, 231, 233 
in starvation, 73 
gelatin in, 102 

general rcview, 288 
eat from, comparison of, with heat 
actually produced, 41 

value of, 34 
in anemia, 212 
in boyhood, 146 
in Carcinoma, 258, 260 
in croupous pneumonia, 260 
in diabetes, 225 
in exophthalmic goiter, 223 
in fat man, influence of temper- 

aturc and humidity on, 94 
in fever, 24Q 

effect of cold on, 258 
of heat on, 257 
of muscular work on, 258 
in ichthyosis hystrix, 250 
in infectious fevers, 253 
in leukocythcmia, 214 
in myxeticma, 223, 224 
in phosphorus-poisoning, 246, 247, 

248 
in pneumonia, 265 
in starvation, 24, 58, 59, 6ö 

effect of temperature on, 91 
in toxic fevers, 253 
in tubcrculosis, 2Ö0 
in typhoid fever, 259, 262, 263, 

264 
influence of alcohol on, 190, 191 

of cane sugar on, 150 

of climatc on, 97 

of clothes on, 96 

of cold baths on, 92, 93 

of cold on, 83 

of dampness on, 88 

of fat on, 87 

of high altitude on, 217, 218 

of humidity on, 88, 89 

of mechanical work on, 160, 161 

of moisture on, 89 

of mountain climbing on, 173 

of removal of ovaries on, 222 



Metabolism, influence of temperature 
on, 78, 86, 87 
laws governing, 130 
of thyroid gland on, 222 
of training on, 174, 175 
of wind on, 92, 93, 94 
on castration, 222 
intermediate, of proteid, 114 
manner of, 29, 288 ' 
nitrogen, effect of mechanical work 
on, 165 
in pneumonia, 265 
in pregnancy, 195, 196 
in starvation in dogs, influence 

of work on, 72 
of animals in starvation, 57 
of children, 205, 206 
of fat man, effect of work, temper- 
ature, and humidity on, 164 
of guanin intra-vitam, 276 
proteid, 124 
before and after pregnancy, 195, 

197 
effect of copious drinking of 

water on, 105 

of diabetes on, 235 

of cxtemal temperature on, 128 

of mechanical work on, 165 

of muscle work on, 29 

in starvation, 53, 57 

as influenced by fat content of 

animal, 66 

in dogs, effect of work on, 72 

influence of fat content on, 68 

quantity of depends on amount 

of fat, 66 

secondary dynamic action in, 

on meat-fat diet, 145 

susceptibility of, to sudden with- 

drawal of carbohydrates, 154 

threc stages of, 127 

purin, 270 

effect of alcohol on, 283 

integral factors of, 277, 278 

quantity of oxygen needed in, 127 

respiration and, 30 

theories of, 288 

Milk, absorption of energy-containing 

constituents of, 203 

ash of, percentage absorption of, 

20^ 

calones in, percentage distribution 

of, 204 

calorific value of, 205 

composition of, influence of diet 

on, 198, 200 

diet in fevers, 261 

results of, 190 
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Milk, fat content of, 199, 200, 201 
action of fasting on, 199 

feces, 46 

milk sugar content of, 200 

modified, 190, 205 

percentage composition of, 203 

production of, influence of nutri- 
tion on, 198 

secretion in starvation, 70 

sugar content of milk, 20« 

top, 205. 
Minimal heat requirement, 130 
Modified milk, 190, 205 
Moisture, eflfect of, on metabolism, 89 
Mountain climbing, effect on metabo- 
lism, 173 

sickness, 221 
Municipal food statistics, 188 
Muscle, hypoxanthin in, 281, 282 

work, effect on proteid metabolism, 
29 
Muscular work, effect on metabolism 

in fever, 258 
M3rxedema metabolism in, 223, 224 



Neurogenic fever, 249, 252 
Nitrogen, ammonia, in urine, in 
starvation, 63 
amount of, in meat proteid, 22 
Creatinin-, in urine, 118 
elimination after ingesting proteid, 
114 
and dextrose production, con- 
stant ratio between, in star- 
vation, 64 
and glycocoll production, con- 
stant ratio between, in star- 
vation, 65 
epicritical, in croupous pneumo- 
nia, 260 
epidermis and, 21 
equilibrium, 99, 100, loi 
after ingestion of carbohydrates, 

154, 155 
low level of, in normal and 

undernutrition, 1C7 
excretion before and after meat 
ingestion in diabetes, iii 
effect of temperature on, 86 
in starvation, 61, 62 
gas, 20 
hair and, 21 
hungcr, specific, 156 
in feces, 47 
in urine, 20, 21 

and sugar elimination in dia- 
betes, rclation between, 228,229 



Nitrogen in urine, in starvation, 73, 74 
metabolism, effect of mechanical 
work on, 165 
in pneumonia, 265 
in pregnancy, 195, 196 
in starvation in dogs, influence 

of work on, 72 
of animals in starvation, 57 
of feces, 21 

purin, in animal tissues, 281 
ration of, to carbon, in urine, 36 
retention, influence of fat ingestion 

on, 145 
Urea, in urine, in starvation, 63 
Nitrogenous equilibrium, 20 
Normal feces, 50 
Nuclease, 275 
Nucleoproteids, products obtained 

from, 271 
Nutrition, influence of, on produc- 
tion of milk, 198 
Nutrose, effect of, in depancreatized 
dog, 230 



Ontogenetic energy, 193 
Opium in diabetes, 242 
Organized proteid, 55 
Ovaries, removal of, effect on me- 
tabolism, 222 
Oxygen, absorption of, in starvation, 

increascd requirement for, in preg- 
nancy, 194, 19s 
quantity needed, in metabolism, 27 
volume inspired, rclation to volume 
of carbon dioxid cxpired, 27 



Parenchymatoüs degeneration in 
fevers, 266 

Pentoses, influence of, on carbohy- 
drate metabolism, 244 

Pentosuria, 245 

Pepsinogen in starvation, 69 

Peptids, 293 

Perspiration, insensible, amount of, 17 
in fever, 257 

Phenylalanin in alcaptonuria, 116 

Phlorhizin glycosuria, 226, 227, 228 

Phosphoric acid in urine in starva- 
tion, 62 

Phosphorus-poisoning, metabolism in, 
246, 247, 248 

Physical regulation of temperature, 
80, 84 

Physiological fever, 249 

Piqüre, 225, 226 
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biood-. in starvatiaii, 70 
PariDBaBÜ. cnxipoGs« cpkritkal nitro- 
gen dnsxBAtioti in, sCto 
ctftaboäszn in. 2O0 
naetabciäzn in, 2<?5 
nxtrogra zct^bolisai in, 265 
Pocsodxnx. pbcBpfeorus-. mcfaboiwm 

iE. 246. 247. '-tÄ 
PocAto partkks in feccs« 49 
Pdcestiai esergj. 33 
PregauKT. diet in, 1Q5 

increascd m^iiiresient for ox^^m 

in. :ü4« IQ5 
nitroiern ctetaboiiszn in. 1Q5. iq6 
proceid inctabotism bcforr azxi 
after. 105. 107 
PmcortA! riae in stArvation, 61. 66 
Pressure ot arciosivhcrr, 2 lO 
Proceid. amount reiiuirvd. in making 
up a ratioK. 175, iSi 
body. to3äc destroction of, in infrc- 

calorinc value oc. 3S 
cirailating. 55 

in starvation. 55. 56 
corr.po&ition of. 2Sg. 290 

COSt of. 2QQ 

dcposit, 150 

dcxtrose from, in diabetes, 238 
diet high in. in t>-phoid fcvtr, 263 
cnerg>- value of, 35 

in diabetes. 237 
fatty dcgcncration of, 246, 247 
food. influence of. qS 
glycocoll production aftcr ingrst- 

ing, 114 
Ingestion, carbon retention after. 
122. 123 

in exces5, mctabolism after, 124 

metabolbm after, influence of 
extemal temperature on, 129 
intermediate metabolism of, 114 
meat. amount of nitrogen in, 22 
metaboliäm, 124 

beforc and after pregnancy, 195, 

197 
in star>-ation, 53. 57 

as influenced bv fat content of 

animal, 66 
influence of fat content on, 68 

of work on, 72 
quantity of, depends on 
amount of fat, 66 
influence of copious drinking of 
water on, 105 
of diabetes on, 235 
of extemal temperature on, 
128 



ProCcid, metabolism, influence of 
mechanical work on, 165 
o€ muscle work on, 29 
secoodary dynamic action in, 

OQ meat-fat diet, 145 
SQScepcibility of, to sudden with- 
drawal of carboh3rdrates, 154 
three stages o€, 127 
n itr og en elimination after ingest- 

ing. 1x4 
organized, 55 • 

production of fat from, 120 
regeneration o€ amino bodies into, 

secoodarv dvnamic action of, 127, 

128 
specinc dynamic action of, 126, 140 
sugar from, in diabetes, iio 
Proteolytic deavage products, 56 
Puncture, heat, oi coqxxa striata, 

Purin, 270 
bases, 271 
bodies. 271 
endogenous, 277 
exogenous, 277 
In urine In starvation, 63 
increase of, in urine In fever, 
267. 268 
in tuberculosis, 268 
In t^-pboid fever, 268 
rdations between, 270 
tolerance for, in gout, 286 
metaboUsm, 270 
effect of alcohol on, 283 
integral factors of, 277, 278 
nitrogen in animal tissues, 281 
Purin-free diet, 277 
P}Tamldin bases, 272 



Quotient, respiratory, loi 



Red blood-cells, effect of high altl- 

tude on, 221 
Regulation of temperature, 78 
chemIcal, 80, 83 

action of. In dog, 85 
In guinca-pig, 84 
effect of curare on, 82 
phv-sical, 80, 84 
Respiration, carbon dioxid ellmma- 
tion in, 30 
metabolism and, 30 
Respirator>* quotient, 27, loi 
Rhamnose in diabetes, 245 
Rubner's Standard values, 40 
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SiCKNESS, mountain, 221 
Skin arca, law of, 82, 295 
Specific dynamic action, 133 
Specific nitrogen hunger, 156 
Standard dietaries, 187, 188 

values, Rubner's, 40 
Starch particles in feces, 49 
Starvation, 52 

absorption of oxygen and elimina- 

tion of carbon dioxid in, 58 
acetonuria in, 63 

action of, on fat content of milk, 199 
albuminuria in, 63 
ammonia excretion in, 63 

nitrogen in urine in, 63 
bile in, 69 
blood in, 70 
blood-corpusclcs in, 70 
blood-plasma in, 70 
^-oxybutyric acid in urine in, 63 
chlorin in urine in, 63 
circulating proteid in, 55, 56 
constant ratio bctween dextrose 
production and nitrogen climina- 
tion in, 64 
day and night excretion of carbon 
dioxid in, 74 
metabolism in, 73, 74 
death from, cause of, 67 
definition of, 52 
dextrose in blood in, 70 

urine in, 63 
diabetcs, 226 

energy requirements in, 60 
fat metabolism in, 73 
feces, 46, 47 
gastric Juice in, 69 
gelatin in, 57 
glands in, 69 
globulin in blood in, 70 
glycocoU production and nitrogen 
elimination in, constant ratio 
between, 65 
glycogen of animal in, 71 
hemoglobin in, 70 
hippuric acid in urine in, 64 
in dogs, nitrogen metabolism in, 
influence of work on, 72 
proteid metabolism in, effect of 
work on, 72 
influence of work on, 72 

on spirits, 5^ 
length of life m, 65 

influence of fat content on, 68 
loss of weight in, 67 

of differcnt organs, 69 
metabolism in, 24. 58, 59, 60 
effect of temperaturc on, 91 



Starvation, milk secretion in, 70 
nitrogen excretion in, 61, 62 

in urine in, 73, 74 

metabolism of animals in, 57 
organs attackcd in, 69 
pepsinogen in, 69 
phosphoric acid in urine in, 62 
premortal rise in, 61, 66 
proteid metabolism in, 53, 57 

as influcnced by fat content of 
animal, 66 
purin bodies in urine in, 63 
quantity of proteid metabolism in, 

depends on amount of fat, 66 
relations bctween weight of indi- 

vidual and. calorific production 

in. 59 
sulphur in urine in, 61 

temperature in, 74-77 

Urea elimination in, attributable 
to previous diet, 55 
influence of previous diet on, 54 
nitrogen in urine in, 63 

urine analysis in, 62 

water, 52 
Sugar, cane, influence on metabolism, 

150 
colloid, 227 

influence on meat feces, 47 

milk, in milk, 200 

production of, from proteid in 
diabetes, iio 
Sulphur in urine in starvation, 61 
Sunstroke, 249 



Tea, stimulating action of, 170 
Temperature and humidity, influence 
of, on metabolism of fat man, 94 
chemical regulation of, 80, 83 
action of, in dog, 85 
in guinea-pig, 84 
critical, 84 

effect of, on manner of heat loss, 
89, 90 
on metabolism, 78, 86, 87 
in starvation, 91 
laws governing, 130 
of fat man, 164 
on nitrogen excretion, 86 
external, influence of, on metab- 
olism after proteid inges- 
tion, 129 
on proteid metabolism, 128 
in starvation, 74-77 
physical regulation of, 80, 84 
regulation of, 78 
effect of curare on, 82 
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Thcobromin, 373 

Theophyllin, 373 

Theories ci mrtahnlism, 388 

Thcory, compensation, 135, 133 

Thyroiid gland, effcct oo meUbiolisni, 

333 
ThjnxMdectomj, donic convulsions 

after, 334 
Tiasuc, crushed, power of , to dcsAxoy 
unc add, 374 

purin nitrogen in, 381 
Top milk, 305 

Toxic fc^TTs, metabolism in» 353 
Training, effcct of, oo metabolism, 

174, 175 
Tuberculosis, increasc of purin bod- 
ics in urine in, 368 
nfetabolism in, 360 
Typhoid fever, diet high in carbohy- 
drate in, 364 
in proteid in, 363 
increasc of purin bodics in urine 

in, 368 
metabolism in, 35Q, 363, 363, 364 
Tyrosin in alcaptonuria, 1x6 



Urea, 33 
con Version of uric acid into, 375 
elimination in starvation attribu- 
table to previous diet, 55 
influence of previous diet on, 54 
nitrogen in urine in starvation, 63 
Uric acid, 370, 371 

conversion of adenin into, 374 
guanin into, 374 
into Urea, 375 
effect of h\'poxanthin on, 373 
elimination, effect of adenin on, 

373 
endogenous, 377 
excretion, endogenous, constancy 

of, 278 
exogenous, 377 

power of crushed tissue to 
destroy, 274 
Urine, allantoin in, 273, 275, 276 
ammonia in, in starvation, 63 
nitrogen in, in starvation, 63 
analysis in starvation, 63 
^-oxybutyric acid in, in starvation, 

caloric value of, 36 
chlorin in, in starvation, 63 
creatin in, 117, 118 
Creatinin in, 117 



' Urine. dextrosc in, in starvation, 63 
hippuric acid in, in starvation, 64 
kjrnurenic add in, 117 
lactic add in, after Uoodletting, 314 
nitrogen in, 30, 31 
1 and sugar elimination, relation 

between, in diabetcs, 338, 239 
in starvation, 61, 63, 73, 74 
phosphoric add in, in starvation, 63 
purin bodics in, in starvation, 63 
increasc of, in fever, 367, 368 
in tubcrculosis, 368 
in typhoid fever, 368 
ratio of nitrogen to carbon in, 36 
sulphur in, in starvation, 61 
Urea nitrogen in, in starvation, 63 



' Vegetarianish, Graham System of, 
180 



' Watek, copious drinking of , action of , 
106 
effect on proteid metabolism, 
105 
j hunger, 53 
Weight, loss of, in starvation, 67 

of different organs, in starvation, 
69 
Wind, influence of, on metabolism, 

i 92, 93. 94 
Work, influence of , on metabolism of 

fat man, 164 
on nitrogen metabolism in fasting 

dogs, 72 
on proteid metabolism in fasting 

dogs, 72 
on starvation, 72 
mechanical, carbon dioxid dimina- 

tion from, 170 
effect of, on metabolism, 160, 161 

on nitro^n metabolism, 165 

on proteid metabolism, 165 
energy requirements in per- 

formance of same amount of, 

171 
muscular, effect on metabolism in 

fever, 258 



Xanthin, 270, 271 



Yeast in diabetcs, 243 
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Nervous and Mental 
Diseases, Children, 
Hygiene, Nursing, and 
Medical Jurisprudence 

W. B. SAUNDERS COMPANY 

925 WALNUT STREET PHILADELPHIA 

9. HENRIETTA STREET COVENT GARDEN. LONDON 



THE SUPERIORITY OF SAUNDERS' TEXT-BOOK 

In a recent series of arlicles entilied 

"WHAT ARE THE BEST MEDICAL TEXT-BOOKS?" 
a well known medical Journal compiled a tabiilation of the 
text-books recommended in those schools wliich are members 
of the American Association of Medical Colleges. The text- 
books were divided into twenty(2o) siibjects and under each 
subject was given a list of the various books with the niimber 
of tinies each book is recommended. Saunders' books head 
ten (10) of the twenty (20) subjecis, the largest nnmber head- 
ed by any other ptiblisher being three (3). In other words, 
Saunders' books lead in as many subjects as the books of all die other 
pubÜshers combined. 

A Complete Cstalogue of Our Publicationi will be Sent upon requeit 



2 SALWDEHS' ßOOKS ON 



".^ 



Peterson and Haines' 
LfCgal Medicine & Toxicolo^ 



A Tc3Kt-Book of Lefpl Medicine and Toxicolosy- Edited by 
Frederick Peterson*. M. D.. Clinical Professor of P>-schiatr>', College 
of Phy>icians and Surgeons, New York; and Waj-ter S. Haines, 
M. D., Professor of Chenii>tr>% Phannac>% and Toxicolog)% Rush 
Medical College, in aflfiliation with the University of Chicago. Two 
imperial octavo volumes of about 750 pages each, fully illustrated 
Per volume: Cloth, $5.00 net; Sheep or Half Morocco, $6.00 net 
Sold by Subscription, 

IN TWO VOUIMES— BOTH VOLUMCS NOW RCADY 

The object of the present work is to give to the medical and le^l professions 
a comprehcnsiv e sur^ey of forensic medicine and toxicolog^* in moderate compass. 
This. it is hclievetl. has not been done in any other recent work in English. Under 
'• Elxpert Kvidcncc * not only is advice givcn to medical cxpcrts. but suggestions 
are also made to attomeys as to the best methods of obtaining the desired 'w&at- 
mation from the witness. An interestmg and important chapter is that on "The 
Destruciion and Aitempted Destniction of the Human Body by Fire and Chemi- 
cals." A chapter not usually found m works on legal medicine is that on **The 
Medicole>;al Kelaiions of the X-Rays. ' This section will be found of unusual im- 
portance. The responsibility of pharmacists in the compounding of prescriptions, 
in the scllin^ of poisons, in substituting dnigs other than those prescribed, etc., 
furnishcs a chapter of the greatest intcrest to everv' one concemcd with questions 
of medical jurispriidence. Also mcluded in the work is the enumeration of the 
laws of the various states relating to the commitment and retention of the insane. 



OPINIONS or THE MEDICAL PRESS 



Medical News. New York 

" It not <Mii\ til.> ,1 n'-t'l fmu) the st.indpoint of timeliness. but it also sets a Standard of 
what .1 i«xt-i>o<)k on L' .L;al Mctiicine and Toxicology should be." 

Columbia Law Review 

'■ I'or practitioiu!r>. in crinunal law and for those in medicine who are called upon to givc 
(ourt trstimony in all its variou.'. forms . . . it is extremely valuable.'* 

Pennsylvania Medical Journal 

" if i\\v. excclk-ncc of ihis volume is «-nualtHi by the second, the work will easfly takc rank 
^c sfand.ird text-book on Lcga\ Med\cmc vv\\A'Yox\co\vi^." 




Church and Peterson's 
Nervous and Mental Diseases 



Nervous and Mental Diseases. By Akchiüald Church, M. D., 
Professor of Nervous and Mental Diseases and Medica! Jurisprudence, 
Nortluvestern University Medical School, Chicago; and Fkkderick 
pETERSoN. M.D.. President New York State Commission on Lunacy; 
CHnical Professor of Neurology and Psychiatry, College of Physicians 
and Surgeons, N. Y. Handsome octavo, 937 pages ; 341 illustrations. 
Cloth, £5.00 net ; Sheep or Ilaif Morocco. $6.00 nct. 

JUST ISSUED-NEW (Sth) EDITION 

TT)is work has met with a most favorable reception from ihe profession at 
large. It tills a distinct want in medical lileratiire. and is imique In ihat it 
furnishes in one volume praclical Ireatises on the t»o greal subjects of neiirology 
and psychiatry. In preparing ihis ediiion Dr. Church has carefully revised hii 
emirc seclion, placing it in accnrd wilh the niosl recent Psychiatric advances. 
In Dr. Peterson's section — Mental Diseases — ihe Kr.epclin Classification of 
insanity has been added lo ihe chapter <in classifications fiir purposesof reference, 
and new chapters on Manio- Depressive Insanity and on Dementia l^a;cfix in- 
cluded. While the chan^es throuRhout have been many. they have b«eD so 
maUe as but shghlly to increase the she of the wotk. 



OPINIONS OF THE MEDICAL PRESS 



AnMticBii Joiim«! ot Ae Medkal SciencM 

" This edition has hi^fii revised, nfw UlusIraiionB added, and gonie new matter, and mlly 
is iwo books, , , . The deichpiions of discase are elear, direcliona as to trcalmcnl dcfinite, 
■tid dispuied nntti.T3 .ipid iheones arc omilled. Altogclher il is a mosi usefui lexl-book," 

Joumal of Nervout aad Mental DIieu«t 

" The hcsi text-hoofc txposition of Ihis suhjcct of cur dnv fnr the busy praclitioner. . . . 
The chapler on idiocy and imbeciliiy is urdoubifdlv ibe best Ihat has been eiveii us in nny 
work of reoeni date upon mental diseases. The pholoernphic illuiiraliotis of iliis pari of Dr. 
Pelerwns work Wate nolhing lo be desired." 

New York Medical Jounul 

"To he elear. brief. and Ihorough, and al Ihe same time authorilaiivB. are merils that 
ensure pnpnUrity. The medfcal itudenl and praclitioner will find in Ihis volume a ready and 
reliable lesource." 



Frühwald and WestcottV 
Diseases of Children 



Diseases ol CbIMrea. A Practica] Reference Book for Students 
and Practitioncrs. By I'xofcssok Dr. Fekih.vakd Fhühvvald, of 
Vienna, Edited, »ith additions. by Thomisiin S West<jott, M.D.. 
Associate in Diseases of Children, University of Pennsylvania. Octavo 
Volume of 533 pages, containing 176 illustrationä. Cloth, ^.50 nci. 

JUST RCADT 

Thü woik fcpresents the auchor's twenty vean' experience, and is inunded 
U a practica] reference work fi^r the student and pnciitioner. Willi thjs refer- 
ence feature in view, the indivtdual diseases have been arrangcd alphabelically. 
The prapbyUctic. Iherapcutic, and dicietit trcacmenls ars dabotaicly discussed. 
The pracrical value of the book has been considerably enhanced by the many 
excellent illustntions. 
E. H. Bwthr, M. D., 

Pnftiier B/Ptduiirict. Cktmisiry. und T-rUfligy. L»mg hiami Callege Hoifilal. Nm l arf 
"li )S H new jdra. which oughl lo bccom« populut bccausi? ol the alphabetic amuigcnicnt. 
lU tillc eipreu« jusi whai i( is~a rcidy nfFtcace hnnd-book." 



RuhrähV 
Diseases of Children 



A Manual of Diseases of Children. By John Ruhräh, MD-, 
Clinical Professor of Diseases of Children. College of Physicians and 

Surjjeons, Baltimore. i2ino of 404 pages, fully illustratcd. Flexibl^^ 

kather. f 2.00 net. m^^k 

JUST READY ^^H 

In writing this manual Dr. Ruhräh's aim was to present a work ihat would be 
of the greatesi value ii> students. All the importam facts are given concisely and 
explicilly, the therapeutics of infancy and childhood bein^ outlined very care- 
fully and cle/Ljly. There are also dircctions for dosage and prescribing, and a 
number of useful prcscriptions are included. The feeding of infants is given in 
detail, and the entire work Is amply illiisirated with practical illusirations. A 
valuable aid consists in the n\äi\v tefeicitces to pediairic litcrature. so Selectol' ■ 
" 'o bc easily acecssible by the M.uAen.1. 



L\SA.\/Ty ÄND HYGIEXE. 

Brower and Bannister 
on Insanity 

A Practica! Manual of Insanity. For tlie Student and General 
Practitioner. By Daniel R. Bkower. A. M., M.D., LL.D., Professor 
of Nervous and Mental Diseases in Rush Medical College, in aflilialion 
with the University of Chicago ; and Henkv M. Bannister, A. M., 
M. D., formerly Senior Assistant Physician, Illinois Mastern Hospital 
for the Insane. Handsome octavo of 426 pages, with a number of 
full-page inscrts. Cloth, S3.00 net. 

rOR STUDENT AND PRACTITIONER 

This work. intended for ihe siudent and j:eneral practitioner, is an intelligiblc, 
up-to-date exposition of Ihc leading facts of psychiatrv, and will be ftiund of in- 
valuable Service, especially to the busy practitioner unable to yield the lime for a 
more exhaustive study. The work has been rendered more practical by omitting 
elaboraie case records and palhologic details. as well as discussions of speculative 
and controversial que^tions. 

AmsricaD Medidne 

" Coinrnends ilseir for lucid eiprnNon in cicar-cul Engliih. so encntia] 10 ihc studenl in 
any deparlmenl of niodicine. . . . Trcatmenl is otic of Ihe beil fealurcs of Ihe boolc, and for 
Ihis asprct is especijlly eommendcd lo gcnfriil prji:1itioneri.'* 

Bergey's Hygiene 

The Principles of Hygiene; A Practical Manual for Students, 
Physicians, nnd Health Officers. By D. H. Ber(5ev. A. M.. M. D., 
Assistant Professor of Bacteriology in the University of Pennsylvania. 
Octavo vohinie of 536 pages, illustrated. Cloth, S3.00 net. 

RECENTLY I5SUED— SCCOND REVISED EDITION 

This book is intended to meei the needs of stiidenls of medicine in the 
acquirement of a knowledge of those principles upon which modern hygienic 
practises are based, and to aid physicians and health officers in familiariiing 
themselves with the advances made in hygietie and sanitation in recent years. 
This new second edilion has been very carefully revlsed, and much new matter 
added, so as lo include the mosi recent 



Buif&lo M«dic«l Journal 

" I1 will be founil nf value lo the pracliltoner of medicine and Ihe pr&ctical » 
sludenls of architcciure, who need lo considei prohlemi of healing, lighling. VBO' 
supply, and sewage tiispoi;!!. may consult il *liIi prufit." 




American 



THE NEW 
STANDARD 



Illustrated Dictionar 

Just Issued— The New i4th) Edition 



1 



The American Illustrated Medical Dlctlonary. A new and 

plete dictionary of thc terms used in Mediane, Surgei^'. ];)cntistiy, 
Pliarmacy, ChemUtiy, and kindred branchcs; with over loo new and 
elaborate tables and many liandsome illustrations. By W. A. Newm\.v 
DoRLAND, M. D., Editor of " The American Pocket Medical Diction- 
ar>-." L^rge octavo, nearly 800 pages. bound in füll flexible leather. 
Price. S+50 net ; with thumb index. ^5.00 net. 
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Otwm • Maximum Amount of MkRer in a Minimum Space, and ■ 
Pooibte Coit 

WITM 2000 NEW TERMS 

The immediate success of Ihis work is due to thc special features Ihat distin- 
guish it from other books of its kind. Il gives a maximum of maller in a mini- 
Bium Space a.nd «I the lowest possible cost. Though it is practically unabridged. 
yet by the use of tbin bible paper and flexible morocco binding it is only 1 3,^ 
inches thick. The result is a Iruly luxurious specimen of book-making. In tbis 
new edilion ihe book hss lieen Ihoroughly revised. and upward of wo thou&and 
new terms ihat have appcared In recent m'?dical liiemtiire have been 4dded, thiis 
brin^ng the book absolulely iip to dale. The bouk conlains hundreds of terms 
not to be found in any other dictionary, over 100 original tables. and many hand- 
some ilhistrations. a number in colors. 



PERSONAL OPINIONS 
Howud A. Kell». M. O.. 

/V.,f,„.,r i.f Gynecology. Johm Hopii«, l'«h:rnty, BalHmert. 
" Di. Dorland's dictionnrv ii oilmirablp, It Is so well goiien tip and ot auch 



J. ColUni Wamn, M.D.. LL.D., r.R-C.S. (Hon.) 

Prefeiser ef Surgtry. Uaniard MedUnt Schaal. 
" I reganl it as a vaiuable sid lo my medical lilerary woric. 
to handle comfcKtahly. I use it in prereience to 





Galbraith's 
FourEpochsof Woman's Life 

Second Revised Edition— Recently Issued 



The Four Epoche of Woman's Life: A Study in Hygiene. By 
Anna M. Galbkaith, M. D., Fcllow of the New York Academy of 
Medicine, etc. Withan Introductory Note by JoHS H. Musser, M.D., 
Professor of Clinical Medicine, Uiiiversity of Pennsylvania. i2nio 
voiume of 247 patjes. Clolh, S'.SO "et. 

MAIDENHOOD. MARRIAGE. MATERNITY. MENOPAUSE 

In Ihis instructive work are slated, in a modesi, pleasing, and conclusive 
manner, those truihs of which every woman shouid havc a thorouyh knowledge. 
Written. a« it is, for the laity, the subject is discussed in language readily grasped 
even by those niosl unfamihar «ith medical subjeets. 

Birmingham Medical Review, England 

'■ \Ve do nui as a nilc tare für riit-dical hooks wriiicn for ihc inüruction of Ihe public. But 



Pyle's Personal Hygiene 



A Manual of Personal Hygiene : Proper Uving upon a Physiologie 
Basis. By Eminent Specialists. Edited by Walter L. Pvle, A. M., 
M. D., Assistant Surgeon to Wills Eye Hospital, Philadelphia. Octavo 
Volume of 44,1 pages, fully illustratcd. Cloth. gl. 50 net 

NEW {2d) EDITION- RECENTLY ISSUED 

The object of this manual is to set forth plainlj- ihe best means of developing 
and mainiaining physical and menul vigor. It represents a thorough exposition 
of hving upon a physiologic basis. In this ncw second edition Ihere have been 
added new chapiers on Home Gymnastics and Domestic Hygiene, besides an 
Appendix of Emergency Procedures. 

Boitoa Medkal uid StnVic»! Journal 

** The work has bfpn excellently done. Ihere is no unduc repelitiaD, and Ihe writen haTC 
succcflded unusually well in piesentlng facti of practical ligDiScance bued on MUnd koowl- 
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Draper's Le^al Medicine 

A Text-Book of Lepü Modidoe. By Frank Winthrop Draper, 
A. M., M. D.. Professor of Legal Medicine in Harvard University, Bos- 
ton ; Medical Examiner of the County of Suffolk, Massachusetts, etc. 
Handsome octavo volume of 573 pa<jes, fiilly illus. Cloth, $4.00 net 

A NEW ¥rOUL— ECCCNTLY ISSUCD 

The subject of Legal Nf edicine is one of great importance. especially to the 
genenü practitioner. for it is to him that calls to attend cases which may prove to 
be medicolcgal in character most frequently come. The medicolegal field includes 
not only deaths of a homicidal nature. but also suits at law — the £ual railway acci- 
dent. machineiy casualties. and the like. to which the neighboring physician may 
be called. and later. perhaps. summoned to conit. It is eWdent, therefore. that 
ever>' practitioner should be thoroughly verscd in all branches of medicolegal 
science. This volume. although prepared as a help to medical students, will be 
found no less valuable and instnictive to practitiooers. The author has had 
twenty-six years' experience as Medical Elxaminer for the city of Boston, his in- 
vestigations comprising nearly eight thousand deaths under a suspicion of violence. 

Hoa. Olin BcTan. LU B. 

/V.yVji»>r t^f .\feJUaI Jurisprmdemce, Balthmart Medical Cellegt 

" A careful irading of Draper's Legal Medicine convinces me of the excellent character of 
the work. It is comprehensive. thorough. and must, of a necessitr. prove a qjlendid acquisition 
to tbe librahrs of those who are interested in medical jurispnidence." 

Jakob and FisherV 

Nervous System and its Diseases 

Atlas and Epitome of the Nervous System and Its Diseases. 

By Profe:vsur Dr. Chr. Jakob, of Erlangen. From the Sccond Rn^ised 
Gennan Edition. Kdited, with additions. by Edward D. Fisher, M. D., 
Professor <>{ diseases of the Nervous System, University and Bellevue 
Hospital Medical Colle^^e. New York. With 83 plates and copious text. 

Cloth, 'Sy^s.'^o nct. /// Sauudcrs Hand- Atlas Scrics, 

The maller is di\ itlcd into Anatomy. Pathology. and Description of Diseases 
of the Nervous System. The plates illustrate these divisions most completely ; 
,espccially i> ihi-> ^c in re.L^ard to patholoi^y. The exact site and character of the 
lesion are pnrtravod in surh a way that they cannot fall to impress themselves on 
the meninry of the reader. 

Philadelphia Medical Journal 

" \Ve know f.f no -»nc work of anythinc like equal size which Covers this important and 
complicatcd fieid with ihe clcarncss and scientific fidclitv of this hand-atlas." 



DISEASES OJ-' CHILDREX. 9 

American Text-Book of 
Diseases of Children 

American Text-Book of Diseases of Children. Edited by LouiS 
Stakr. M. D.p Consulting Pediatrist to the Maternity Hospital, etc.; 
assisted by Thompson S. Westcott, M. D,, Attending Fliysician to the 
Dispensary for Diseases of Children, Hospital of the University of Penn- 
sylvania. Handsome octavo, 1244 pages. profuscly illustratecl. Cloth, 
^7,00 net ; Sheep or Half Morocco, ?8.00 net. 

SiXOND REVISED EDITION 

To keep up wilh the rapid advances in the field <if pediatrics. the whole sub- 
ject-matter embraced in ihe first ediiion has lieen carefuily revised. new articies 
»dded, some original papers amended. and a number entircly rewritlen and 
broughl up ID dale. Tlie volume has Ihus been incrcased in siie by a very 
considerable amount of fresh maierial. 
Briliih Medical JouttibI 

" M.iy be Tfionimrniied as a IhorciuBhly IruMwonhy and saiisfaciory giiiile lo Ihc subject 
of the disensrs or children." 

Paul's Fever Nursing 



Nursing in the Acute Infectious Fevers. Rv Geokge P. Paul, 
M. D., Assistant Visiting PhysicUn andAdjiinct Radiographer to the 
Samaritan Hospital, Troy, N. Y. i2mo volume of 200 pages. Cloth, 
f 1.00 net, 

JUST ISSUED 



Dr. Paul has written this little work especially for the trained nuree. so ihat all 
extraneous nialter has been studiously avoided. The author has laid great strcss 
upon care and mana^emenl in each disease, as thls relales directly [11 Ihe duties 
of the nurse. Tbc buok is divided into ihree parls. The first pari Ireals of fever 
in ila general asjrecls ; ihi: second discusses each of the acute infectious fevers, 
giving cause, signs. syniploms, coursc, prognosis. care. and managemenl ; ihe 
third deals with practical procedures and inforniatiun necessary to the proper 
slftiMgeinenl of the diseases discussed. 



Friedenwald d Ruhräh's 
Dietetics for Nurses 



DieteUcs for Nurses. By Jilr-s Friedenwald. M.D., Clinical 
Professor of Diseases of the Stomach, College of Physicians and Sur- 
geons, Baltimore; and John Rlhrak, M. D., Clinical Professor c^ 
Diseases of Children, College of Phyadans and Surgeons, Baltimore. 
l2mo of 363 pages, Clolh, $1.50 net. 



J'JST ISSUED 



4 



This work has been preparcd to mect the needs of ihe nurae. bcKh 
training schocl and after graduanon. It aims to give the cssentials of dictebcs, 
considering briefly ihc physiology of digestion and the variuus classes of foods 
and the part they play in nutiition. The subjects of infam fceding and the feeding 
□f the sick are fully discussed, and rectal alimentation and the fecding of oper- 
ative cases are fully described. Diet-lists and recipes for the invalid's dietary 
are appended. 

Ediobur« Mediul Jonraal J 

■ll apiiMR 1.) lu 10 conlAin all the pracucal lide of dirtcti«, of handy siie and dH 

void of p-idding, ■ J 



Lewis' Anatomy and 
Physiology for Nurses J 

Anatomy and Physiology for Nurses. Hy LeRoy Lewis, M. D., 
Surgeon to and I^cturer on Analomy and Physiology for Nurses at 
the Lewis Hospital. Bay City, Michigan, i2mo of 317 pages, with 

146 illustratioiis. Cloth, £175 net. ^B 

JUST ISSUED ^1 

The author has based the plnn and scope of the work on the mcthods he has 
employed in tcaching the subjects. and has made the text unusuaüy simple and 
clear. The object was so to deal with anatomy and physiolDK>' that the Student 
mighl easily grasp the primary principles. at the sanic time laying a broad foun- 
dalion for a wider study. The text is rendercd morc comprehensive by the 
practica] illustralions, representing the best that could be obtaincd. 




DeLee's Obstetrics for Nurses 

Obstetrics for Nurses. Hy Joseph li. De LeL'I, M.D., I'rofc'^^or ' 
of Otjätetrics in the North wi:stern University Medical School; Lecturer 
in the Nurses' Training Schools of Mercy, Wesley, Providern, Cook 
County, and Chicago Lying-In Hospitals. i2mo volunie of 460 pagcs, 
fuUy illustrated, Cloth, $3.50 net. 

JUST ISSUED— NEW(2Rd)EDmON 

The Illustration s in Dr. DeLee's worlt are nearly all original, and represcnl 
pholographs taken from actual scenes. The text is the result of the aulhor's eighl 
yeara' experietice in lecluring to the nurses of five different iraining schools. 

J. Clifton dUw. M. D., 

Proftssor of Obllctria and CUmcül Midaiftry. Comill Mtdicil &kool. N. Y. 
" I1 is br-and-away ihe best Ihal h.is came lo m-f aolice. and 1 shall Inke Ereal pleasure ia 
recommending il lo my nurses, ^nd biudcnis h5 well." 

Davis' Obstetric and 
Gynecologic Nursing 

Obstetric and Gynecologic Nursing. By ^Idward Y. Davis, A.M., 
M.D., Professor of Obstetrics. Jt-fierson Medical College and Philadel- 
phia Polyclinic. 121110 uf 400 pages, illustrated. Buckram, $1.75 net. 

RECCNTLY ISSUCD— SECOND RCVISCD EDITION 
The Loncet, London 



Keference Handbook for Nurses 

A Reference Handbook for Nurses. By Amanda K. Beck, of 
Chicago. 111. 33ma of 177 pa^es. Flexible morocco, $1.25 net. 

RECENTLY ISSUED 

This little book eontains Information upon ever>- question that comes 10 a 
nurse in her dailj- work. and enibraces all the information that she requires lo 
cairy rnit any direclions given by the physician. 
Boiton Medical and Sur^al Journal 



Hofmann and Peterson's 
L Legal Medicine 

Atlas Ol Legal Medicine. By Dr. E, von Hüfmann, of Vienna, 
Edited by Freherick Peterson. M. D., Cünical Professor of Psychi- 
atry in the College of Physicians and Sitrgeons, New York. Wilh i ro 
colorcd figures on 56 plates and 193 half-tone il lu st ratio ns. Cloth, 
J3.S0 net. In Saumiers' Haiiä-Atlas Serks. 

By reason of ihe wealth of illustratinns nnd the Adcliiy of ihe colored pbies, 
the book suppletnenis alt the tenc-hooks on the siibject. Moreover. it (ümishes lo 
every physician. student, 3nd bwyer a veritalile treasure-house of informatton. 







■■ riie illuitmlmns >pp«ar 


to bt the he« th«l 


th» dfpftrimrni of medicmr. ; 


ind Ihey cannol hi: 



Chapman's ■ 

Medical Jurisprudence 



iia^^ 



Medical Jurisprudence, Insanity. and Toxicology. By Henrv C. 

Chapman, M.D.. Professor of Institutes of Mediane and Medical 
Jurisprudenci; in Jcffcrson Mcdic.il Colle^'e, Pliiladelphia. Handsoi 
i2mo of 329 pagcs, fuilj- iliustrated. Clotti, Jli.?; net. 

RJCCENTLY IS5UED— THIRD REVISED EDITION, ENLARGED 

This work is based on the aulhor's practica! expericnce as coroner"s physician 
cf the city of Philadelphia for a pcriod of six years. Dr. Chapman's book. 
thereforc. is of unusual valuc. 

This third edition has becn thoroughly revised and greatly enlarged, so as 10 
bring it absolulely in accord with the very lalest advances in this important branch 
of medical science. There is no doubl il will meet with as greal favor as the 
previous editions. 
Medkftl Record, New York 

'■'Xh.r. manu.il is esseniiitlly pracliiral, and ia a useful S">de fo' >he gentral p 
beskles posstsjing lilerary ment. " 



gentral practi(isa^^^| 



Golebiewski and Bailey's 
Accident Diseases 



Atlas and Epitome o( Diseases Caused by Accidents. By Dk. £a 

GoLEBiEWäKi, of Berlin. Edited, with additions, by Pkarce Baeley. 
M.D., Consulting. Neurologist to St. Luku's Hospital, New York, 
With 71 colored illustrations on 40 piates, 143 text-illustrations, and 
549 pages of text. Cloth, ^4.00 net. In SauHäcrs' Hand-Atlas 
Series. 



Thts work contatns a füll and scientific treatment of the subject of accident 
injury ; the functional disability caused ihereby ; the medicolegal quesllons in- 
volved, and the amoiirt of indemnity justified in given cases. The work ia 
indispensable to every physician who sees cases of inJury due to accidents, to 
advanced sludenls. to surgeons, and, on account of ils illustrations and Statistical 
data, it is none the less useful lo accident-insurance organizations. 
Tlie Medkal Record, New York 



Stoney's 
Materia Medica for Nurses 



Practica! Materia Medica for Nurses. with an Appendix containing 

Poisons and their Antidotes, witli Poison-Emergencies ; Mineral Waters ; 
Weights and Measures ; Dose-List, and a Glossary of the Terms used 
in Materia Medica and Therapeutics. By Em i lv M. A. Stonev. of the 
Carney Hospital, South Boston. 1 jmo of joopages, Cloth, $1.50 nct, 

JUST ISSUED— NEW (3n)} EDITION 

In making the revision fur ihis new third edition, all the newcr dnigs have 
been introduced and fully discussed, The consideralion of the drugs include* 
their sources and composition, their varioiis preparaiions, physioIogic aclions, 
directions for adminisiering. and the Symptoms and treatment of poisoning. 

Journal of the Antecion Modical Auociafion 

" So [.ir SS we can set-, il contains evL-ryihinE llial a nurae oughl lo know in rcgard to drugi. 
As a rcfercDce-book (or nurses ii will without quotioa be veiy lueful." 



SAUNDERS' ßOOKS (IX 



Stoney's Nursing 



PractJcal Points in Nursing: for Nurses in Private Practicc. By 
[ Emilv M. A. Stonev, Superintendent oi the Training School for Nurses 
I at the Cartiey Hospital. Soiitli Boston, Mass. 466 pages. fully ülus- 
I trated. Cloth. «175 net. 

THIRD EDITION. THOROUGHLY REVISCD— RECENTLY ISSUED 



In Ihis volume the author explains the etiti 
tinguished from hospilal nursing, and the nurs< 
varioiis emergencies of medical and surgical c 
sni^icat aid or when thrown on her own resiiurc 
will be found in ihe directions how to imprmiise 

The Lancet, London 

"A very complele esposilion of praclical nursing in 



e ränge oi private nursing as dis- 
is instructed how liest lo meet ihc 
ses when distant from medical or 
s. An especially valuable fealure 
verything ordinarily nceded in ihe 



bilcl^^J 



Stoney's Technic for Nurses 

Bacterioiogy aod Surgical Technic for Nurses. By Emily M. A. 

Stonev, Superintendent at Carney Hospital, South Boston. Revised 
by Fkedekic R. Gkikfith, M. D., Surgeon, of New York. i2mo,.^ 
278 pages, illustrated. Cloth, gl. 50 net. H 

RECENTLY ISSUED— NEW (2<1) EDITION I 

Tnlned Nune and Hoi^lal Review " 

" These subjects are lieatcd mo5t »ccuratclyand upto dale, wilhout the juperHuous retdinE 
which is so orten cmptoyed. . . . Nur»£ will find Ihis book a\ the grealesl value both during 
Iheir hospilal cuur.-.« and in privale pmcuce." 



Spratling on Bpilepsy 

Epllepsy and Its Treatment. By William P. Spkatling. M. D., 
Medical Superintendent of the Craig Colony for Epileptics, Sonyca. 
New York. Octavo of 522 pages, fully illustrated. Cloth, ^.00 ncL 
The LuiccA. London 

■■ Dr. Spiailing's work i^ wruten ihroughout in a ciear and read.iliic' ilyie. . . . The w 
is a mme of informalion on ihe wholc subject of epilepsy and its Ircalm 




CHILDREN ÄND /fVGIK.XE. 

Griffith's Care of the Baby 

The Care of the Baby. By J. \\ Croker Gkiffitii. M. D.. Clinical 
Professor iif Diseases of Children, Uciiversity of Penn. ; Physician tu the 
Children's Hospital. Phila. i2mo,436 pp. lUustrated. Cloth,ii.50net. 

RECENTLV ISSUED— THIRD EDITION. THOROUGHLY REVISED 

The author has endeavored tu furnish a reliable j;iii<le for moiliers. He has 
made his statemenls plain and casily understotid, m ihe hitpe thal the vuluttie 
may be of service not only l<i mothers and nurses, but also lo students and practi- 
tioners whose oppurlunities for observing children have been limited. 



Crothers' Morphinism 

Morphinism and Narcomania from Opium, Cocain, Kilier. Chloral. 
Chloroform, and other Narcotic Drugs; also ihe Etiology. Treatment, 
and Medicolega! Relations. ByT. D. Crothers. M. D., Superintendent 
of Walniit Lodge Hospital, Hartford, Coiin. Handsomc i2mo of 351 
pages. Cloth, £2. 00 net. 

The LADcet. London 

"An cücelleni nccouni of ihe vatiuus c.iuse?, ■.ymptomi, anii si:igps of moqihinism, ihe 
diacuuion being Ihroughoui illurniiiatcd hy an abundan« of Janu <>f cliniciU, psychulugitat, and 



Abbott's Transmissible Diseases 

The Hygiene of Transmissible Diseases: Their Causatioii, Müdes 

of Dissemination.and Mcthods nf Prevention. By A. C. Abbott. M, D., 
Professor of Hygiene and Bacteriology, University of Pennsylvania. 
Octavo, 351 pages, with iiumeroiis illustrations. Cloth, S2.50 net. 

SECOND REVISED EDITION 

DurioE the intcrval llial has elapsed aince the appearance of ihe lirst edition 
investigations upon ihe inodes of disseniination ofcertain of ihe specific infections 
have been very attive. The sections on Malaria, Yellow Fever. Plague, Filariasis. 
Dysentery, and Tuberculosis have been boih revised and enlarged. 

Ttia Luicet, London 

" Wr htanilif rnnitnend Iht book ai a concisc and iruslworlhy guide in (he subjecl wilh 
which il deaU, and u,e sinccrely coiigratulalf Vvoleaot Abbon." 



i6 SALTNDERS' BOOKS ON CHILDREN. 

American Pocket EMctionary '^"'^'luJSX^^r^^ 

American Pocket Medical Dictionary. Edited by W. A. New- 
MAN Dorland, M. D.y Assistant Obstetrician to the Hospital of the 
University of Pennsylvania. Containing the pronunciation and defini- 
tion of the principal words used in medicine and kindred sciences, with 
64 extensive tables. Handsomely bound in flexible leather, with gold 
edges, fi.oo net; with patent thumb index, $1.25 net. 

" I can recocnmend it to our students without reserve." — ^J. H. HOLLAND. M. D., Dta* 
cftfujeftrsom Mtdical CoiUgt, PbUadelphU. 

Morrow's Immediate C^are of In]tired just Re^ix 

Immediate Care of the Injured. By Albert S. Morrow, M. 1)., 
Attending Surgeon to the New York City Hospital for the Aged and 
Infirm. Octavo of 350 pages, with 250 illustrations. 

Dr. Morrow's book on citicrgency procedures is written inadefiniteand decisive style, 
the reader being told just what to do in cvery cmergency. It is a practical book for ev'ery 
day use. and the large niimber of excellent illustrations can not but make the treatment to 
be pursued in any case clear and intelligible. Physicians and nurses will find it indispensible. 

Powell's Diseases of Children TUrd cdiüon. Revised 

ESSENTIALS OF THE DISEASES OF ChILDREN. By WiLLIAM M. PoWELL, 

M. D. Revised by Alfred Hand, Jr., A. B., M. D., Dispensary 
Physician and Pathologist to the Children's Hospital, Philadelphia. 
i2mo volume of 259 pages. Cloth, Ji.oo net. In Saunders' 
Question- Compend Serie 5, 

Shaw on Nervous Diseases and Insanity f^2£^iÜ£ 

Essentials of Nervous Diseases and Insanity: Their Symptoms 
and Treatment. A Manual for Students and Practitioners. By the late 
John C. Shaw, M. D., Clinical Professor of Diseases of the Mind and 
Nervous System, Ix>ng Island College Hospital, New York. i2mo of 
204 pages, illustrated. Cloth, $1.00 net. In Saunders' Question- Cam- 
pend Series. 

" Clearly and intclligently written ; we havc noted few inaccuracies and seveirn: sug- 
gestive points. Some affections unmentioned in many of the large text-books are noted." 

— Boston Äf^Jical and Surgical Journal. 

Starr's Diets for Infants and Children 

DiETS FOR Infants and Children in Health and in Disease. By 
Louis Starr, M. D.. Consulting Pediatrist to the Matemity Hospital, 
Philadelphia. 230 blanks (pocket-book size). Bound in flexible Morocco, 
$1.25 net. 

Grafstrom's Mechano-Therapy s«:JS?ÄidiEL« 

A Text-book of Mechano-therapy (Massage and Medical Gymnas- 
tics). By Axel V. Grafstrom, B. Sc, M. D., Attending Physician to 
the Gustavus Adolphus Orphange, Jamestown, New York. i2mo, 200 
pages, illustrated. Cloth, $1.25 net. 
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